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s
a
n
d
h
e
ch
ira
lity
o
f
th
e
ten
-d
im
en
sio
n
a
l
sp
in
o
rs
[1
5].
T
h
e
em
b
ed
d
in
g
s
p
ro
p
o
sed
in
R
efs.
[1
3,
1
1]
a
re
rela
ted
b
y
C
d
u
a
lity
a
n
d
th
erefo
re
a
re
b
o
th
su
p
ersy
m
m
etric
in
h
e
N
=
8
th
eo
ry.
H
ow
ev
er,
N
=
1
;D
=
1
0
su
p
erg
rav
ity
is
ch
ira
l,
a
n
d
C
d
u
a
lity
a
n
n
o
t
b
e
a
d
u
a
lity
sy
m
m
etry
o
f
th
e
N
=
4
th
eo
ry.
In
fa
ct,
C
d
u
a
lity
is
a
trin
g
/
strin
g
d
u
a
lity
rela
tin
g
th
e
tw
o
N
=
1
su
p
erg
rav
ity
th
eo
ries
w
ith
o
p
p
o
site
h
ira
lities
th
a
t
o
n
e
ca
n
co
n
stru
ct
in
ten
d
im
en
sio
n
s.
T
h
is
ex
p
la
in
s
th
e
a
p
p
a
ren
t
p
a
ra
d
ox
.
F
o
u
r-d
im
en
sio
n
a
l
b
la
ck
-h
o
le
so
lu
tio
n
s
o
f
N
=
8
su
p
erg
rav
ity
h
av
e
a
lso
b
een
tu
d
ied
in
R
efs.
[1
6].
O
u
r
w
o
rk
d
i
ers
fro
m
th
ese
in
th
a
t
w
e
a
re
in
terested
in
th
e
n
terp
lay
b
etw
een
U
d
u
a
lity
a
n
d
th
e
d
i
eren
t
tru
n
ca
tio
n
s
o
f
N
=
8
su
p
erg
rav
ity.
A
su
m
m
a
ry
o
f
o
u
r
w
o
rk
is
a
s
fo
llow
s:
in
S
ectio
n
2
w
e
w
rite
d
ow
n
th
e
a
ctio
n
a
n
d
m
u
lti-b
la
ck
h
o
le
so
lu
tio
n
s
o
f
th
e
a
-m
o
d
el,
n
o
tin
g
fo
r
w
h
ich
va
lu
es
o
f
a
th
e
o
lu
tio
n
s
a
rise
fro
m
co
n
sisten
t
tru
n
ca
tio
n
s
o
f
m
a
x
im
a
l
N
=
8
su
p
erg
rav
ity.
In
S
ectio
n
3
w
e
d
em
o
n
stra
te
th
e
em
b
ed
d
in
g
s,
b
o
th
k
n
ow
n
a
n
d
n
ov
el,
o
f
th
e
a
-m
o
d
el
o
lu
tio
n
s
in
N
=
4
a
n
d
N
=
8
su
p
erg
rav
ity,
a
n
d
p
ro
ceed
in
S
ectio
n
4
to

n
d
th
e
u
n
b
ro
k
en
su
p
ersy
m
m
etries
fo
r
ea
ch
em
b
ed
d
in
g
.
F
in
a
lly,
w
e
d
iscu
ss
o
u
r
resu
lts
n
S
ectio
n
5
.
T
h
e
a
p
p
en
d
ices
co
n
ta
in
so
m
e
co
m
p
lem
en
ta
ry
m
a
teria
l
a
n
d
resu
lts
th
a
t
w
e
h
eav
ily
u
se
in
th
e
m
a
in
b
o
d
y
o
f
th
e
p
a
p
er:
o
u
r
co
n
v
en
tio
n
s
a
re
in
A
p
p
en
d
ix
A
,
n
A
p
p
en
d
ix
B
w
e
d
eriv
e
fro
m
elev
en
d
im
en
sio
n
s
th
e
ten
-d
im
en
sio
n
a
l
su
p
ersy
m
-
m
etry
ru
les
o
f
th
e
ty
p
e
IIA
th
eo
ry
a
n
d
o
f
th
e
tw
o
N
=
1
th
eo
ries
o
f
o
p
p
o
site
h
ira
lities,
to
g
eth
er
w
ith
th
e
C
d
u
a
lity
rela
tio
n
b
etw
een
th
em
.
A
p
p
en
d
ix
C
co
n
-
a
in
s
th
e
sp
in
co
n
n
ectio
n
o
n
e-fo
rm
fo
r
th
e
ten
-d
im
en
sio
n
a
l
cla
ss
o
f
m
etrics
w
h
ich
w
e
co
n
sid
er.
2
T
h
e
\
a
-m
o
d
e
l"
n
red
u
cin
g
to
fo
u
r
d
im
en
sio
n
s
th
e
ten
-d
im
en
sio
n
a
l
N
=
1
a
n
d
N
=
2
su
p
er-
g
rav
ities
a
risin
g
in
th
e
low
-en
erg
y
lim
it
o
f
th
e
va
rio
u
s
su
p
erstrin
g
th
eo
ries,
o
n
e
g
en
erica
lly
a
rriv
es
a
t
a
co
m
p
lica
ted
fo
u
r-d
im
en
sio
n
a
l
a
ctio
n
w
ith
m
a
n
y
sca
la
r

eld
s
(m
o
d
u
li)
a
n
d
M
a
x
w
ell
v
ecto
r

eld
s
(th
ro
u
g
h
o
u
t
th
is
w
o
rk
w
e
co
n
sid
er
A
b
elia
n
v
ecto
r

eld
s
o
n
ly,
a
s
ev
en
w
h
en
w
e
sta
rt
w
ith
a
n
o
n
-A
b
elia
n
g
a
u
g
e
g
ro
u
p
,
a
g
en
eric
p
o
in
t
in
th
e
m
o
d
u
li
sp
a
ce
h
a
s
U
(1
)
n
sy
m
m
etry
).
F
o
r
ex
a
m
-
p
le,
to
ro
id
a
lly
co
m
p
a
cti
ed
fo
u
r-d
im
en
sio
n
a
l
h
etero
tic
strin
g
th
eo
ry
co
n
sists
o
f
a
m
etric,
a
n
tisy
m
m
etric
ten
so
r,
d
ila
to
n
,
2
8
v
ecto
rs
a
n
d
1
3
2
sca
la
rs.
In
th
is
p
a
p
er
w
e
co
n
sid
er
a
g
rea
tly
sim
p
li
ed
tru
n
ca
tio
n
in
fo
u
r-d
im
en
sio
n
s,
co
n
sistin
g
o
f
a
m
etric
~g


,
a
sin
g
le
sca
la
r

eld
’
a
n
d
a
sin
g
le
M
a
x
w
ell

eld
A

w
ith
a
n
a
rb
itra
ry
p
a
ra
m
eter
a
g
ov
ern
in
g
th
e
sca
la
r-M
a
x
w
ell
co
u
p
lin
g
.
T
h
e
\
a
-m
o
d
el"
a
ctio
n
is
ex
p
licitly
g
iv
en
b
y
S
(a
)
=
12 Z
d
4x p
j~gj h−
~R
−
2
(@
’
)
2
+
12
e
−
2
a
’
F
2 i
:
(1
)
W
e
stress
th
a
t
th
e
sca
la
r
’
is
in
g
en
era
l
d
i
eren
t
fro
m
th
e
strin
g
d
ila
to
n
,
a
n
d
is
in
fa
ct
a
lin
ea
r
co
m
b
in
a
tio
n
o
f
th
e
d
ila
to
n
a
n
d
o
th
er
m
o
d
u
li.
T
h
ro
u
g
h
o
u
t
w
e
a
lw
ay
s
d
en
o
te
th
e
d
ila
to
n
b
y
a
d
i
eren
t
sy
m
b
o
l
(
).
T
h
erefo
re,
in
w
o
rk
in
g
w
ith
th
is
m
o
d
el,
w
e
a
re
a
lw
ay
s
in
th
e
ca
n
o
n
ica
l
(E
in
stein
)
fra
m
e,
w
h
ich
w
e
d
en
o
te
w
ith
tild
es
o
n
th
e
m
etric,
E
in
stein
ten
so
r
etc.
T
h
e
eq
u
a
tio
n
s
o
f
m
o
tio
n
a
re
~G


+
2
T
’

−
e
−
2
a
’
T
A

=
0
;
~r
2’
−
a4
e
−
2
a
’
F
2
=
0
;
~r
 (e
−
2
a
’
F

 
=
0
; 9>>>>=>>>>;
(2
)
w
h
ere
T
’

a
n
d
T
A

a
re
th
e
en
erg
y
-m
o
m
en
tu
m
ten
so
rs
o
f
th
e
sca
la
r

eld
’
a
n
d
th
e
v
ecto
r

eld
A

resp
ectiv
ely
:
T
’

=
@

’
@

’
−
12
~g


(@
’
)
2
;
(3
)
T
A

=
F


F


−
14
~g


F
2
:
(4
)
B
la
ck
-h
o
le
so
lu
tio
n
s
o
f
th
e
a
-m
o
d
el
ex
ist
fo
r
a
ll
va
lu
es
o
f
th
e
p
a
ra
m
eter
a
,
th
a
t
w
e
ta
k
e
to
b
e
p
o
sitiv
e
w
ith
o
u
t
a
n
y
lo
ss
o
f
g
en
era
lity.
In
p
a
rticu
la
r,
th
ere
a
re
ex
trem
e
[1
7]
a
n
d
m
u
lti-b
la
ck
-h
o
le
so
lu
tio
n
s
[1
8,
6
]
fo
r
a
ll
a
.
T
h
e
p
u
rely
electric
ex
trem
e
m
u
lti-b
la
ck
-h
o
le
so
lu
tio
n
s
a
re
8>>>>>><>>>>>>:
d
~s
2
=
V
−
2
1
+
a
2
d
t
2
−
V
+
2
1
+
a
2
d
~x
2
;
e
’
=
V
−
a
1
+
a
2
;
F
ti
=
−
n q
2
1
+
a
2
@
i V
−
1
;
(5
)
w
h
ere
V
(~x
)
is
a
h
a
rm
o
n
ic
fu
n
ctio
n
in
th
ree-d
im
en
sio
n
a
l
E
u
clid
ea
n
sp
a
ce
@
i @
i V
=
0
;
(6
)
2
h
a
t
w
e
a
lw
ay
s
ta
k
e
to
b
e
p
o
sitiv
e
a
n
d
n
o
rm
a
lized
so
a
s
to
m
a
k
e
th
e
a
b
ov
e
m
etric
eg
u
la
r
a
n
d
a
sy
m
p
to
tica
lly
fl
a
t,
th
a
t
is
V
(~x
)
=
1
+ X
i
M
i
j~x
−
~x
i j
;
M
i

0
8
i
;
(7
)
a
n
d
n
=

1
g
iv
es
th
e
sig
n
o
f
th
e
electric
ch
a
rg
es.
T
h
e
eq
u
a
tio
n
s
o
f
m
o
tio
n
o
f
th
e
a
-m
o
d
el
a
re
in
va
ria
n
t
u
n
d
er
th
e
d
iscrete
electric-m
a
g
n
etic
d
u
a
lity
tra
n
sfo
rm
a
tio
n
F
0
=
e
−
2
a
’
F
;
’
0
=
−
’
;
(8
)
a
n
d
,
th
erefo
re,
a
p
u
rely
m
a
g
n
etic
m
u
lti-b
la
ck
-h
o
le
so
lu
tio
n
a
lw
ay
s
ex
ists
fo
r
a
n
y
a
:
8>>>>>><>>>>>>:
~ds
2
=
W
−
2
1
+
a
2
d
t
2
−
W
+
2
1
+
a
2
d
~x
2
;
e
’
=
W
+
a
1
+
a
2
;
F
ij
=
 q
2
1
+
a
2

ij
k @
k
W
:
(9
)
F
o
r
th
e
sp
ecia
l
va
lu
es
a
=
0
a
n
d
a
=
1
d
y
o
n
ic
so
lu
tio
n
s
a
lso
ex
ist
[1
9,
1
1
]:
8>>>><>>>>:
~ds
2
=
(V
W
)
−
1d
t
2
−
V
W
d
~x
2
;
e
’
=
V
−
12
W
+
12
;
F
=
n
d
V
−
1
^
d
t
−
12
m

ij
k @
i W
d
x
j
^
d
x
k
;
(1
0
)
w
h
ere
n
a
n
d
m
ta
k
e
th
e
va
lu
es

1
.
(T
h
e
a
=
0
d
y
o
n
is
o
b
ta
in
ed
b
y
settin
g
V
=
W
in
th
e
a
b
ov
e
so
lu
tio
n
.)
A
ll
th
e
p
u
rely
electric
o
r
m
a
g
n
etic
ex
trem
e
so
lu
tio
n
s
(a
n
d
th
e
d
y
o
n
ic
a
=
1
,
a
=
0
so
lu
tio
n
s)
a
d
m
it
K
illin
g
sp
in
o
rs
if
o
n
e
u
ses
th
e
a
p
p
ro
p
ria
te
d
e
n
itio
n
f
\
g
rav
itin
o
"
a
n
d
\
d
ila
tin
o
"
su
p
ersy
m
m
etry
tra
n
sfo
rm
a
tio
n
ru
les
[2
0].
T
h
ese
u
les
co
in
cid
e
w
ith
th
e
su
p
ersy
m
m
etry
ru
les
o
f
k
n
ow
n
su
p
erg
rav
ity
th
eo
ries
in
o
m
e
ca
ses,
a
n
d
th
ey
ca
n
a
lw
ay
s
b
e
u
sed
to
d
o
N
ester
co
n
stru
ctio
n
s.
It
is
w
o
rth
n
o
tin
g
,
th
o
u
g
h
,
th
a
t
a
ll
th
e
su
p
ersy
m
m
etry
ru
les
o
f
th
ese
su
b
su
p
erg
rav
ities
ca
n
b
e
o
b
ta
in
ed
fro
m
th
e
N
=
4
;D
=
4
su
p
ersy
m
m
etry
ru
les
(w
ith
n
o
a
x
io
n
)
th
ro
u
g
h
h
e
sa
m
e
tra
n
sfo
rm
a
tio
n
th
a
t
ta
k
es
th
e
a
=
1
ex
trem
e
d
ila
to
n
b
la
ck
h
o
le
in
to
h
e
o
th
er
va
lu
es
o
f
a
(see
th
e
co
n
clu
sio
n
s
sectio
n
o
f
R
ef.
[6
]).
H
ow
ev
er,
it
is
n
o
t
k
n
ow
n
w
h
ich
va
lu
es
o
f
a
n
a
tu
ra
lly
a
p
p
ea
r
in
tru
e
su
p
erg
rav
-
ty
th
eo
ries.
A
s
ex
p
la
in
ed
in
R
ef.
[3
],
so
m
e
o
f
th
em
a
re
ex
p
ected
to
a
rise
in
th
e
d
i
eren
t
co
n
sisten
t
tru
n
ca
tio
n
s
o
f
m
a
x
im
a
l
N
=
8
su
p
erg
rav
ity,
n
a
m
ely
th
o
se
w
ith
a
=
p
3
;1
;1
= p
3
;0
.
T
h
e
va
lu
es
1
a
n
d
0
a
rise
in
th
e
tru
n
ca
tio
n
s
to
N
=
4
a
n
d
N
=
2
resp
ectiv
ely.
T
h
e
va
lu
es
p
3
[2
1]
a
n
d
1
= p
3
a
rise
in
th
e
tru
n
ca
tio
n
fro
m
m
a
x
im
a
l
to
sim
p
le

v
e-d
im
en
sio
n
a
l
su
p
erg
rav
ity
a
n
d
its
d
im
en
sio
n
a
l
red
-
u
ca
tio
n
to
D
=
4
.
F
o
r
a
ll
fo
u
r
va
lu
es
o
f
a
o
n
e
ca
n
a
lso
a
rg
u
e
th
a
t
th
e
ex
trem
e
b
la
ck
-h
o
le
so
lu
tio
n
s
a
re
so
lito
n
ic.
A
stu
d
y
o
f
th
e
slow
m
o
tio
n
o
f
th
e
ex
trem
e
b
la
ck
-h
o
le
so
lu
tio
n
s
o
f
th
e
a
-m
o
d
el
rev
ea
ls
th
a
t
o
n
ly
fo
r
a
=
p
3
th
e
co
rresp
o
n
d
in
g
m
o
d
u
li
sp
a
ce
is
fl
a
t
[2
2,
2
3
].
T
h
is
is
th
e
n
ecessa
ry
co
n
d
itio
n
fo
r
th
e
so
lu
tio
n
s
to
o
n
ly
b
rea
k
h
a
lf
o
f
th
e
N
=
8
su
p
ersy
m
m
etries
[2
4]
(i.e.
to
b
e
B
P
S
sta
tes),
a
n
d
th
erefo
re
w
e
o
n
ly
ex
p
ect
th
ese
to
h
av
e
h
a
lf
o
f
th
e
N
=
8
su
p
ersy
m
m
etries
u
n
b
ro
k
en
a
n
d
th
e
rest
w
ill
h
av
e
few
er
u
n
b
ro
k
en
su
p
ersy
m
m
etries.
It
w
a
s
co
n
jectu
red
in
[2
5]
th
a
t
certa
in
electrica
lly
ch
a
rg
ed
ex
trem
e
b
la
ck
h
o
les
a
risin
g
in
th
e
N
=
4
th
eo
ry
co
u
ld
b
e
id
en
ti
ed
w
ith
B
P
S
sta
tes
in
th
e
sp
ectru
m
o
f
a
llow
ed
ch
a
rg
es
o
f
th
e
th
eo
ry
[2
6]
(th
e
so
-ca
lled
S
ch
w
a
rz-S
en
sp
ectru
m
),
w
h
ich
in
tu
rn
co
u
ld
b
e
id
en
ti
ed
w
ith
elem
en
ta
ry
(m
a
ssiv
e)
strin
g
sta
tes.
In
th
e
N
=
4
th
eo
ry,
b
o
th
th
e
a
=
p
3
b
la
ck
h
o
le
a
n
d
a
certa
in
em
b
ed
d
in
g
o
f
th
e
a
=
1
b
la
ck
h
o
le
p
reserv
e
h
a
lf
o
f
th
e
sp
a
cetim
e
su
p
ersy
m
m
etries,
a
n
d
w
ere
sh
ow
n
to
co
rre-
sp
o
n
d
to
m
a
ssiv
e
strin
g
sta
tes
(d
y
n
a
m
ica
l
ev
id
en
ce
su
p
p
o
rtin
g
th
e
co
n
jectu
re
in
[2
5]
w
a
s
fo
u
n
d
in
[2
7]).
In
th
e
N
=
8
th
eo
ry,
h
ow
ev
er,
o
n
ly
a
=
p
3
b
la
ck
h
o
les
p
reserv
e
h
a
lf
th
e
su
p
ersy
m
m
etries,
a
n
d
a
re
th
erefo
re
th
e
o
n
ly
ca
n
d
id
a
tes
to
b
e
id
en
ti
ed
w
ith
elem
en
ta
ry
strin
g
sta
tes.
O
n
th
e
o
th
er
h
a
n
d
,
a
ll
fo
u
r
b
la
ck
h
o
les
(a
t
lea
st
in
so
m
e
em
b
ed
d
in
g
s)
p
reserv
e
so
m
e
d
eg
ree
o
f
su
p
ersy
m
m
etry,
a
n
d
sa
tu
ra
te
B
o
g
o
m
o
l‘n
y
i
b
o
u
n
d
fo
rm
u
la
e
(see,
fo
r
ex
a
m
p
le,
[2
8]).
In
tru
n
ca
tin
g
to
a
n
N
=
2
th
eo
ry,
o
n
e
ca
n

n
d
em
b
ed
d
in
g
s
fo
r
a
ll
fo
u
r
b
la
ck
h
o
les
su
ch
th
a
t
ea
ch
p
reserv
es
h
a
lf
o
f
th
e
sp
a
cetim
e
su
p
ersy
m
m
etries.
A
s
a
resu
lt,
th
ere
is
th
e
p
o
ssib
ilty
o
f
rea
lizin
g
a
ll
th
ese
ex
trem
a
l
b
la
ck
h
o
les
a
s
strin
g
sta
tes,
a
lth
o
u
g
h
in
th
e
N
=
2
ca
se
th
e
so
lu
tio
n
s
a
re
n
o
lo
n
g
er
p
ro
tected
b
y
n
o
n
ren
o
rm
a
liza
tio
n
th
eo
rem
s
a
g
a
in
st
q
u
a
n
tu
m
co
rrectio
n
s.
T
h
e
p
ro
b
lem
w
ith
q
u
a
n
tu
m
co
rrectio
n
s
a
rises
esp
ecia
lly
fo
r
th
e
a
=
0
b
la
ck
h
o
le,
sin
ce
th
is
so
lu
tio
n
h
a
s
zero
d
ila
to
n
fo
r
b
o
th
electric
a
n
d
m
a
g
n
etic
so
lu
tio
n
s,
a
n
d
th
ere
is
n
o
w
ay
to
d
istin
g
u
ish
a
p
ertu
rb
a
tiv
e
fro
m
a
n
o
n
-p
ertu
rb
a
tiv
e
sta
te.
O
n
e
is
th
en
led
to
co
n
clu
d
e
th
a
t
b
o
th
so
lu
tio
n
s
a
re
n
o
n
-p
ertu
rb
a
tiv
e,
a
n
d
ca
n
n
o
t
co
rresp
o
n
d
to
a
n
elem
en
ta
ry
strin
g
sta
te
to
b
eg
in
w
ith
4.
O
n
th
e
o
th
er
h
a
n
d
,
it
w
a
s
a
lso
co
n
jectu
red
in
R
ef.
[2
5]
th
a
t
th
e
a
=
1
;1
= p
3
;0
ex
trem
e
d
ila
to
n
b
la
ck
h
o
les
co
u
ld
b
e
u
n
d
ersto
o
d
a
s
b
o
u
n
d
sta
tes
o
f
th
e
2;3
a
n
d
4
m
a
x
im
a
lly
su
p
ersy
m
m
etric
a
=
p
3
b
la
ck
h
o
les
resp
ectiv
ely.
T
h
is
co
n
jectu
re
h
a
s
b
een
recen
tly
co
n

rm
ed
in
R
ef.
[2
9]
w
h
ere
it
w
a
s
sh
ow
n
h
ow
to
g
et
th
e
a
=
1
;1
= p
3;0
so
lu
tio
n
s
a
s
p
a
rticu
la
r
lim
its
o
f
a
m
u
lti-a
=
p
3
-b
la
ck
-h
o
le
so
lu
tio
n
th
a
t
in
terp
o
la
tes
b
etw
een
th
em
.
In
o
u
r
su
p
ersy
m
m
etry
a
n
a
ly
sis,
a
sim
ila
r
p
ictu
re
4
T
h
is
w
a
s
p
o
in
ted
o
u
t
to
u
s
b
y
P
a
u
l
T
o
w
n
sen
d
.
3
f
co
m
p
o
siten
ess
a
rises
in
rela
tin
g
th
e
K
illin
g
sp
in
o
r
eq
u
a
tio
n
s
o
f
th
e
va
rio
u
s
b
la
ck
h
o
les.
F
o
r
ex
a
m
p
le,
a
s
w
e
sh
a
ll
see
b
elow
,
th
e
su
p
ersy
m
m
etry
b
rea
k
in
g
p
a
ttern
o
f
th
e
a
=
1
= p
3
b
la
ck
h
o
le,
co
rresp
o
n
d
in
g
to
3
a
=
p
3
b
la
ck
h
o
les
in
th
e
b
o
u
n
d
sta
te
p
ictu
re,
a
rises
a
s
th
e
co
m
b
in
a
tio
n
o
f
th
e
su
p
ersy
m
m
etry
b
rea
k
in
g
o
f
a
sin
g
le
a
=
p
3
b
la
ck
h
o
le
a
n
d
a
n
a
=
1
b
la
ck
h
o
le,
co
rresp
o
n
d
in
g
to
2
a
=
p
3
b
la
ck
h
o
les
in
th
e
b
o
u
n
d
sta
te
p
ictu
re.
A
d
d
itio
n
a
l
in
fo
rm
a
tio
n
o
n
th
e
a
-m
o
d
el
co
m
es
fro
m
its
red
u
ctio
n
to
tw
o
d
i-
m
en
sio
n
s.
F
o
r
(a
n
d
o
n
ly
fo
r)
th
e
sp
ecia
l
va
lu
es
a
=
0
; p
3
th
e
tw
o
d
im
en
sio
n
a
l
h
eo
ry
h
a
s
in

n
ite
sy
m
m
etry
a
n
d
b
eco
m
es
co
m
p
letely
in
teg
ra
b
le
[3
0].
O
u
r
p
u
rp
o
se
in
th
e
n
ex
t
sectio
n
is
to
in
v
estig
a
te
w
h
ich
so
lu
tio
n
s
o
f
th
e
a
-m
o
d
el
d
o
a
rise
in
N
=
4
(8
),
a
n
d
fo
r
w
h
ich
va
lu
es
o
f
a
,
h
ow
th
ey
a
re
em
b
ed
d
ed
in
th
e
u
p
erg
rav
ity
th
eo
ry
a
n
d
th
eir
u
n
b
ro
k
en
su
p
ersy
m
m
etries.
3
E
m
b
e
d
d
in
g
th
e
a
-m
o
d
e
l
so
lu
tio
n
s
in
N
=
4(8)
su
p
e
rg
ra
v
ity
W
e
a
re
u
ltim
a
tely
in
terested
in
th
e
em
b
ed
d
in
g
o
f
th
e
ex
trem
e
(m
u
lti-)
b
la
ck
-h
o
le
o
lu
tio
n
s
o
f
th
e
a
-m
o
d
el
in
to
N
=
8
;D
=
4
su
p
erg
rav
ity,
w
h
ich
is
eq
u
iva
len
t
u
p
o
n
d
im
en
sio
n
a
l
red
u
ctio
n
)
to
a
n
y
o
f
th
e
N
=
2
;D
=
1
0
su
p
erg
rav
ities.
F
o
r
im
p
licity,w
e
w
illfo
cu
s
o
n
th
e
N
ev
eu
-S
ch
w
a
rz-N
ev
eu
-S
ch
w
a
rz
(N
S
-N
S
)
su
b
secto
r
f
th
is
th
eo
ry,
w
h
ich
ca
n
b
e
o
b
ta
in
ed
b
y
sim
p
ly
settin
g
to
zero
a
ll
th
e
R
a
m
o
n
d
-
R
a
m
o
n
d
(R
-R
)

eld
s.
A
s
ex
p
la
in
ed
in
R
ef.
[3
1]
a
n
d
in
A
p
p
en
d
ix
B
,
w
h
ere
m
o
re
d
eta
ils
ca
n
b
e
fo
u
n
d
w
ith
th
e
ex
p
licit
ex
a
m
p
le
o
f
th
e
ty
p
e
IIA
th
eo
ry,
th
is
tru
n
-
a
tio
n
is
co
n
sisten
t
(i.
e.
a
n
y
so
lu
tio
n
o
f
th
e
tru
n
ca
ted
th
eo
ry
is
a
u
to
m
a
tica
lly
a
so
lu
tio
n
o
f
th
e
o
rig
in
a
l
o
n
e)
a
n
d
th
e
b
o
so
n
ic
secto
r
o
f
th
e
tru
n
ca
ted
th
eo
ry
is
h
e
b
o
so
n
ic
secto
r
o
f
th
e
N
=
1
;D
=
1
0
su
p
erg
rav
ity
th
eo
ry.
T
h
e
co
n
sisten
cy
o
f
th
e
tru
n
ca
tio
n
h
a
s
a
strin
g
y
ex
p
la
n
a
tio
n
:
th
e
o
n
ly
so
u
rces
o
r
R
-R

eld
s
h
av
e
to
b
e
R
-R

eld
s.
T
h
erefo
re,
th
ere
a
re
n
o
p
u
rely
N
S
-N
S
term
s
n
th
e
eq
u
a
tio
n
s
o
f
m
o
tio
n
o
f
th
e
R
-R

eld
s
a
n
d
a
ll
term
s
sim
u
lta
n
eo
u
sly
va
n
ish
,
eav
in
g
n
o
co
n
stra
in
ts.
D
im
en
sio
n
a
l
red
u
ctio
n
o
f
N
=
1
;D
=
1
0
su
p
erg
rav
ity
to
D
=
4
g
iv
es
N
=
4
;D
=
4
su
p
erg
rav
ity
co
u
p
led
to
six
m
a
tter
(v
ecto
r)
su
p
erm
u
ltip
lets
[3
2].
T
h
erefo
re,
so
lu
tio
n
s
o
f
N
=
4
;D
=
4
su
p
erg
rav
ity
co
u
p
led
to
six
v
ecto
r
su
-
p
erm
u
ltip
lets
ca
n
b
e
co
n
sid
ered
sim
u
lta
n
eo
u
sly
a
s
so
lu
tio
n
s
o
f
N
=
8
;D
=
4
o
r
N
=
2
;D
=
1
0
)
su
p
erg
rav
ity.
S
in
ce
th
e
su
p
ersy
m
m
etry
tra
n
sfo
rm
a
tio
n
u
les
a
re
m
u
ch
sim
p
ler
in
ten
d
im
en
sio
n
s,
w
e
w
ill
u
p
lift
a
n
y
so
lu
tio
n
o
f
th
e
N
=
4
(+
6
V
);D
=
4
th
eo
ry
to
ten
d
im
en
sio
n
s
to
g
et
so
lu
tio
n
s
o
f
th
e
N
=
1
;2
h
eo
ries.
In
th
is
sectio
n
w
e
w
a
n
t
to
id
en
tify
fu
rth
er
co
n
sisten
t
tru
n
ca
tio
n
s
o
f
th
e
N
=
(+
6
V
);D
=
4
th
eo
ry
th
a
t
lea
d
u
s
to
th
e
a
-m
o
d
el
fo
r
so
m
e
va
lu
es
o
f
a
,
so
,
in
th
e
en
d
,
a
n
d
fo
llow
in
g
th
e
lo
g
ic
o
f
th
e
p
rev
io
u
s
p
a
ra
g
ra
p
h
,
w
e
h
av
e
a
so
lu
tio
n
o
f
th
e
N
=
1
(2
);D
=
1
0
th
eo
ry
fo
r
ea
ch
so
lu
tio
n
o
f
th
e
a
-m
o
d
el.
T
o
stu
d
y
th
e
co
n
sisten
cy
o
f
th
e
tru
n
ca
tio
n
s,
w
e
n
eed
th
e
eq
u
a
tio
n
s
o
f
m
o
tio
n
.
T
h
ey
co
u
ld
b
e
d
eriv
ed
fro
m
th
e
a
ctio
n
E
q
.
(9
6
).
H
ow
ev
er,
sin
ce
th
e
a
-m
o
d
el
m
a
k
es
sen
se
o
n
ly
in
th
e
ca
n
o
n
ica
l
m
etric,
w
e

rst
resca
le
th
e
strin
g
m
etric
g


in
E
q
.
(9
6
)
to
th
e
ca
n
o
n
ica
l
m
etric
~g


=
e
−
2

g


a
n
d
g
et
~G


+
2
T


+
94
T
B

−
14 @

G
m
n
@

G
m
n
−
12
~g


@

G
m
n
@

G
m
n 
−
14
G
m
n
G
p
q @

B
m
p
@

B
n
q
−
12
~g


@

B
m
p @

B
n
q 
+
12
G
m
n hF
(1
)m


F
(1
)m


−
14
~g


F
(1
)m


F
(1
)m

 i
+
12
G
m
n F
m


F
n


−
14
~g

 F
m

 F
n

 
=
0
;
(1
1
)
~r
2
+
34
e
−
4

H
2
+
18
e
−
2
 hG
m
n
F
(1
)m
F
(1
)n
+
G
m
n
F
m
F
n i
=
0
;
(1
2
)
~r
2G
r
s
−
G
m
(rG
s
)n
G
p
q
[@
G
m
p @
G
n
q
+
@
B
m
p
@
B
n
q ]
+
12
e
−
2
 hF
(1
)rF
(1
)s
−
G
m
(rG
s
)n
F
m
F
n i
=
0
;
(1
3
)
r^

(G
n
rG
q
s@

B
n
q )
+
e
−
2

F
m
G
m
[sF
(1
)r
]
=
0
(1
4
)
r^
 
e
−
2

G
m
n
F
(1
)n

 
=
0
;
(1
5
)
r^
 (e
−
2

G
m
n
F
n

 
=
0
;
(1
6
)
r^
 (e
−
4

H


 
=
0
;
(1
7
)
w
h
ere
T


is
th
e
en
erg
y
-m
o
m
en
tu
m
ten
so
r
o
f

(ju
st
a
s
in
E
q
.
(3
))
a
n
d
T
B

is
th
e
en
erg
y
-m
o
m
en
tu
m
ten
so
r
o
f
th
e
a
x
io
n
tw
o
-fo
rm
B


T
B

=
H



H



−
16
~g


H
2
:
(1
8
)
4
W
e
a
lso
h
av
e
to
sa
tisfy
th
e
fo
llow
in
g
B
ia
n
ch
i
id
en
tities
@
F
(1
)m
=
0
;
@
H
=
12
F
(1
)m
F
(2
)m
;
@
F
(2
)m
=
0
:
(1
9
)
A
n
y
tru
n
ca
tio
n
lea
d
in
g
to
th
e
a
-m
o
d
el
m
u
st
n
ecessa
rily
h
av
e
n
o
a
x
io
n

eld
a
n
d
n
o
a
x
io
n

eld
-stren
g
th
.
A
rea
so
n
a
b
le
ch
o
ice
is,
th
en
B


=
0
;
H


γ
=
0
;
G
m
n
=
−
e
2

m

m
n
;
B
m
n
=
0
:
(2
0
)
S
u
b
stitu
tin
g
in
to
th
e
a
b
ov
e
eq
u
a
tio
n
s
o
f
m
o
tio
n
a
n
d
B
ia
n
ch
i
id
en
tities
w
e
g
et
h
e
fo
llow
in
g
eq
u
a
tio
n
s
o
f
m
o
tio
n
~G


+
2
T


+ X
m
T

m


−
12 X
m
e
−
2
(
−

m
)T
(1
)m


−
12 X
m
e
−
2
(
+

m
)T
(2
)
m


=
0
;
(2
1
)
~r
2
−
18 X
m
e
−
2
(
−

m
) 
F
(1
)m 
2
−
18 X
m
e
−
2
(
−

m
) 
F
(2
)m 
2
=
0
;
(2
2
)
~r
2
m
+
14
e
−
2
(
−

m
) 
F
(1
)m 
2
−
14
e
−
2
(
+

m
) 
F
(2
)m 
2
=
0
;
(2
3
)
~r
 
e
−
2
(
−

m
)F
(1
)m

 
=
0
;
(2
4
)
~r
 
e
−
2
(
+

m
)F
(2
)m

 
=
0
;
(2
5
)
a
n
d
th
e
fo
llow
in
g
co
n
stra
in
ts
F
(1
)r

 F
(1
)s


−
e
−
2
(
r
+

s
)F
(2
)r


F
(2
)s


=
0
;
8
r
6=
s
;
(2
6
)
F
(1
)r

 F
(2
)s


−
e
−
2
(
r
−

s
)F
(1
)s


F
(2
)s


=
0
;
8
r
6=
s
;
(2
7
)
X
m
F
(1
)m


?F
(2
)
m


=
0
:
(2
8
)
T
h
e
o
rig
in
s
o
f
th
e

rst
tw
o
co
n
stra
in
ts
a
re
th
e
eq
u
a
tio
n
s
o
f
m
o
tio
n
o
f
th
e
va
n
ish
in
g

eld
s.
T
h
e
la
st
co
n
stra
in
t
is
a
co
n
sisten
cy
co
n
d
itio
n
b
etw
een
B


=
0
a
n
d
H


γ
=
0
d
u
e
to
th
e
B
ia
n
ch
i
id
en
tity
o
f
B


(1
9
)
a
n
d
it
sim
p
ly
m
ea
n
s
th
a
t
th
e
C
h
ern
-S
im
o
n
s
term
in
th
e
d
e
n
itio
n
o
f
H
lo
ca
lly
va
n
ish
es.
T
h
e
a
-m
o
d
el
h
a
s
o
n
ly
o
n
e
sca
la
r
a
n
d
o
n
e
v
ecto
r

eld
.
It
is
n
ecessa
ry,
th
en
,
to
g
et
to
it,
to
m
a
k
e
a
n
a
n
sa
tz
o
f
th
is
k
in
d
:
~F
(1
)
=
~n
F
+
~p
?F
;

m
=
c
m
’
;
~F
(2
)
=
~m
F
+
~q
?F
;

=
b’
;
(2
9
)
w
h
ere
b
a
n
d
th
e
c
m
’s
a
re
co
n
sta
n
ts
a
n
d
th
e
v
ecto
rs
~n
;~p;
~m
;~q
ca
n
b
e
fu
n
ctio
n
s
o
f
’
a
n
d
w
e
h
av
e
a
rra
n
g
ed
th
e
v
ecto
r

eld
-stren
g
th
s
in
co
lu
m
n
v
ecto
rs.
F
is
a
p
u
rely
electric
o
r
m
a
g
n
etic
v
ecto
r

eld
-stren
g
th
(fo
r
d
e
n
iten
ess
w
e
ta
k
e
it
to
b
e
electric).
It
is
clea
r
th
a
t,
a
fter
th
e
tru
n
ca
tio
n
E
q
s.
(2
0
),
n
o
o
th
er
a
n
sa
tz
w
ill
ta
k
e
u
s
to
th
e
a
-m
o
d
el
o
r,
a
t
lea
st,
to
th
e
sta
tic
electric
b
la
ck
-h
o
le
so
lu
tio
n
s
o
f
th
e
a
-m
o
d
el.
S
u
b
stitu
tin
g
o
u
r
a
n
sa
tz
in
to
th
e
eq
u
a
tio
n
s
o
f
m
o
tio
n
a
n
d
co
n
stra
in
ts
it
is
p
o
ssib
le
to
p
rov
e
(a
fter
a
co
n
sid
era
b
le
a
m
o
u
n
t
o
f
w
o
rk
)
th
a
t
o
n
ly
th
e
ca
ses
a
=
p
3
;1
;1
= p
3
;0
ca
n
b
e
o
b
ta
in
ed
.
O
n
ly
in
th
ese
ca
ses
ca
n
th
e
a
-m
o
d
el
b
e
em
b
ed
d
ed
in
th
e
tru
n
ca
tio
n
o
f
th
e
N
=
4
(+
6
V
);D
=
4
su
p
erg
rav
ity
th
eo
ry
th
a
t
w
e
h
av
e
p
ro
p
o
sed
.
O
n
e
a
lso

n
d
s
th
a
t,
u
p
to
h
etero
tic
d
u
a
lity
ro
ta
tio
n
s,
th
ere
is
a
v
ery
sm
a
ll
n
u
m
b
er
o
f
w
ay
s
to
d
o
th
is
em
b
ed
d
in
g
in
ea
ch
ca
se
(see
T
a
b
le
1
fo
r
a
co
m
p
lete
co
llectio
n
o
f
th
ese
em
b
ed
d
in
g
s).
B
efo
re
w
e
ex
p
la
in
o
u
r
resu
lts
in
ea
ch
ca
se
let
u
s
say
th
a
t
T
d
u
a
lity
a
cts
in
o
u
r
tru
n
ca
ted
m
o
d
el
b
y
ro
ta
tio
n
s
sep
a
ra
tely
in
th
e
sp
a
ce
o
f
th
e
A
(1
)m
v
ecto
rs
a
n
d
in
th
e
sp
a
ce
o
f
A
(2
)
m
a
n
d
b
y
th
e
tra
n
sfo
rm
a
tio
n
(B
u
sch
er’s
T
d
u
a
lity
tra
n
sfo
rm
a
tio
n
[3
3])
A
(1
)m
0
=
−
A
(2
)
m
;

0m
=
−

m
;
A
(2
)0m
=
−
A
(1
)m
:
(3
0
)
T
h
ere
a
re
a
lso
electric-m
a
g
n
etic
d
u
a
lities,
w
h
ich
a
re
essen
tia
lly
th
o
se
o
f
th
e
a
-m
o
d
el
E
q
s.
(8
).
A
ll
th
ese
h
etero
tic
d
u
a
lities
(w
h
ich
d
o
n
o
t
a
ssu
m
e
th
e
ex
isten
ce
o
f
iso
m
e-
tries
in
th
e
fo
u
r-d
im
en
sio
n
a
l
so
lu
tio
n
s,
b
u
t
m
a
k
e
u
se
o
f
th
e
fa
ct
th
a
t,
a
s
ten
-
d
im
en
sio
n
a
l
so
lu
tio
n
s
th
ey
d
o
h
av
e
a
six
-d
im
en
sio
n
a
l
A
b
elia
n
iso
m
etry
g
ro
u
p
)
a
re
ju
st
n
o
n
-co
m
p
a
ct
sy
m
m
etries
o
f
th
e
su
p
erg
rav
ity
th
eo
ries
[3
4]
a
n
d
a
re,
a
s
ex
p
la
in
ed
in
th
e
In
tro
d
u
ctio
n
,
co
n
sisten
t
w
ith
su
p
ersy
m
m
etry
in
th
e
sen
se
th
a
t
a
co
n

g
u
ra
tio
n
a
n
d
its
d
u
a
ls
h
av
e
th
e
sa
m
e
n
u
m
b
er
o
f
fo
u
r-d
im
en
sio
n
a
l
u
n
-
b
ro
k
en
su
p
ersy
m
m
etries
5
[6
,
7
,
5
,
9
,
8
].
T
h
is
fa
ct
a
llow
s
u
s
to
stu
d
y
ju
st
o
n
e
co
n

g
u
ra
tio
n
a
n
d
n
o
t
its
h
etero
tic
d
u
a
ls.
5
T
h
is
is
n
o
t
n
ecessa
rily
tru
e
fo
r
th
e
ten
-d
im
en
sio
n
a
l
su
p
ersy
m
m
etries
[5
].
If
th
e
ten
-
5
A
s
w
e
a
re
g
o
in
g
to
see
(see
a
lso
[2
9])
th
e
n
u
m
b
er
o
f
in
eq
u
iva
len
t
ex
trem
e
b
la
ck
-h
o
le
so
lu
tio
n
s
is
v
ery
sm
a
ll
a
n
d
o
n
e
a
lw
ay
s
ca
n
ch
o
o
se
a
rep
resen
ta
tiv
e
in
h
e
eq
u
iva
len
ce
cla
ss
w
h
ich
h
a
s
a
m
a
x
im
u
m
o
f
tw
o
v
ecto
r
a
n
d
tw
o
sca
la
r

eld
s
d
i
eren
t
fro
m
zero
.
3
.1
a
=
p
3
e
m
b
e
d
d
in
g
s
t
is
ea
sy
to
see
th
a
t
settin
g
F
(1
)
=
p
2
F
;

=
1p3
’
;

1
=
−
2p3
’
;
(3
1
)
h
e
eq
u
a
tio
n
s
o
f
m
o
tio
n
o
f
th
e
N
=
4
(+
6
V
);D
=
4
th
eo
ry
E
q
s.
(1
1
)-(1
7
)
red
u
ce
o
th
o
se
o
f
th
e
a
-m
o
d
el
w
ith
a
=
p
3
[2
1].
T
a
k
in
g
th
en
th
e
m
u
lti-b
la
ck
-h
o
le
o
lu
tio
n
in
E
q
s.
(5
)
fo
r
th
is
va
lu
e
o
f
a
w
e
g
et
th
e
fo
llow
in
g
co
rresp
o
n
d
in
g
so
lu
tio
n
f
N
=
4
(+
6
V
);D
=
4
in
th
e
strin
g
fra
m
e
en
tirely
ex
p
ressed
in
term
s
o
f
th
e
h
a
rm
o
n
ic
fu
n
ctio
n
V
:8>>>>>>>><>>>>>>>>:
d
s
2
=
V
−
1d
t
2
−
d
~x
2
;
e
2

=
V
−
12
;
G
1
1
=
−
V
;
A
(1
)1
t
=
n
V
−
1
:
(3
2
)
U
sin
g
E
q
s.
(9
8
)
o
f
A
p
p
en
d
ix
B
w
e
ca
n
rea
d
ily
ex
p
ress
it
in
ten
-d
im
en
sio
n
a
l
o
rm
:8><>:
d
s^
2
=
V
−
1d
t
2
−
d
~x
2
− 
V
12
d
x
4
+
n
V
−
12
d
t 
2
−
d
x
Id
x
I
;
B^
=
^
=
0
:
(3
3
)
T
h
is
co
n

g
u
ra
tio
n
is
p
u
rely
g
rav
ita
tio
n
a
l
in
ten
d
im
en
sio
n
s
a
n
d
co
rresp
o
n
d
s
o
th
e
K
a
lu
za
-K
lein
b
la
ck
h
o
le,

rst
id
en
ti
ed
a
s
a
so
lu
tio
n
o
f
h
etero
tic
strin
g
im
en
sio
n
a
l
K
illin
g
sp
in
o
r
d
ep
en
d
s
o
n
a
co
m
p
a
ct
d
im
en
sio
n
,
th
ere
w
ill
n
o
t
b
e
a
co
rresp
o
n
d
in
g
o
u
r-d
im
en
sio
n
a
l
K
illin
g
sp
in
o
r
d
ep
en
d
in
g
o
n
ly
o
n
th
e
fo
u
r
n
o
n
-co
m
p
a
ct
sp
a
ce-tim
e
d
im
en
-
io
n
s.
T
h
is
ca
n
h
a
p
p
en
ev
en
th
o
u
g
h
a
ll

eld
s
a
re
a
ssu
m
ed
to
b
e
in
d
ep
en
d
en
t
o
f
th
e
co
m
p
a
ct
im
en
sio
n
s.
T
h
u
s,
o
n
e
co
u
ld

n
d
th
a
t
th
e
sa
m
e
so
lu
tio
n
,
a
s
a
ten
-d
im
en
sio
n
a
l
so
lu
tio
n
h
a
s
m
o
re
so
lu
tio
n
s
th
a
n
a
s
a
fo
u
r-d
im
en
sio
n
a
l
so
lu
tio
n
.
H
o
w
ev
er,
w
e
w
ill
n
o
t

n
d
th
is
k
in
d
o
f
en
-d
im
en
sio
n
a
l
K
illin
g
sp
in
o
rs
h
ere.
th
eo
ry
in
th
e
la
st
o
f
th
e
referen
ces
in
[2
1].
Its
T
d
u
a
l
is
k
n
ow
n
a
s
th
e
(electrica
lly
ch
a
rg
ed
)
H
-m
o
n
o
p
o
le
[2
1].
8>>>>><>>>>>:
d
s^
2
=
V
−
1d
t
2
−
d
~x
2
−
V
−
1(d
x
4)
2
−
d
x
Id
x
I
;
B^
=
−
n 
V
−
12
d
t 
^ 
V
−
12
d
x
4 
;
e
2
^
=
V
−
1
;
(3
4
)
a
n
d
h
a
s
b
o
th
d
ila
to
n
a
n
d
a
x
io
n
n
o
n
-va
n
ish
in
g
.
3
.2
a
=
1
e
m
b
e
d
d
in
g
s
S
ettin
g

=
’
;
F
(1
)1
=
F
;
F
(2
)1
=

F
;
(3
5
)
w
e
g
et
th
e
a
=
1
m
o
d
el.
T
h
e
co
rresp
o
n
d
in
g
N
=
4
;D
=
4
so
lu
tio
n
in
th
e
strin
g
fra
m
e
is
8>>>><>>>>:
d
s
2
=
V
−
2d
t
2
−
d
~x
2
;
e
2

=
V
−
1
;
A
(1
)1
t
=

A
(2
)
1
t
=
n
V
−
1
;
(3
6
)
a
n
d
th
e
co
rresp
o
n
d
in
g
N
=
1
(2
);D
=
1
0
so
lu
tio
n
is
8>>>>>>>>><>>>>>>>>>:
d
s^
2
=
V
−
2d
t
2
−
d
~x
2
− (d
x
4
+
n
V
−
1d
t 
2
−
d
x
Id
x
I
;
B^
=

n
V
−
1d
t
^ (d
x
4
+
n
V
−
1d
t 
;
e
2
^
=
V
−
1
:
(3
7
)
If
w
e
ch
o
o
se
th
e
m
in
u
s
sig
n
,
a
s
ex
p
la
in
ed
in
A
p
p
en
d
ix
B
,
th
e
m
a
tter
v
ecto
r

eld
co
m
b
in
a
tio
n
F
(1
)1
+
F
1
=
F
(1
)1
+
F
(2
)1
va
n
ish
es,
a
n
d
o
n
ly
th
e
su
p
erg
rav
ity
v
ecto
r

eld
co
m
b
in
a
tio
n
F
(1
)1
−
F
1
=
F
(1
)1
−
F
(2
)1
rem
a
in
s.
T
h
e
a
=
1
m
o
d
el
ca
n
th
u
s
b
e
em
b
ed
d
ed
in
th
e
p
u
re
N
=
4
;D
=
4
su
p
erg
rav
ity
th
eo
ry.
T
h
is
w
a
s
th
e
em
b
ed
d
in
g
p
ro
p
o
sed
in
R
ef.
[1
1],
a
n
d
,
a
s
w
e
w
ill
see
in
th
e
n
ex
t
sectio
n
,
6
t
is
th
e
em
b
ed
d
in
g
w
h
ich
a
d
m
its
K
illin
g
sp
in
o
rs
a
n
d
u
n
b
ro
k
en
N
=
4
;D
=
4
u
p
ersy
m
m
etry
(o
n
e
h
a
lf
o
f
it).
If
w
e
ch
o
o
se
th
e
p
lu
s
sig
n
,
o
n
ly
th
e
m
a
tter
v
ecto
r

eld
co
m
b
in
a
tio
n
rem
a
in
s,
a
n
d
th
e
resu
ltin
g
em
b
ed
d
in
g
d
o
es
n
o
t
h
av
e
a
n
y
N
=
4
(+
6
V
);D
=
4
u
n
b
ro
k
en
u
p
ersy
m
m
etry
[1
3].
T
h
is
resu
lt
seem
s
p
a
ra
d
ox
ica
l,
sin
ce,
a
fter
a
ll,
th
e
fo
u
r-d
im
en
sio
n
a
l
so
lu
tio
n
s
a
re
id
en
tica
l,
a
n
d
B
o
g
o
m
o
l’n
y
i-ty
p
e
b
o
u
n
d
s
m
u
st
b
e
sa
tu
ra
ted
in
b
o
th
ca
ses.
A
ll
th
is
w
a
s
d
o
n
e
in
th
e
fra
m
ew
o
rk
o
f
th
e
N
=
4
(+
6
V
);D
=
4
th
eo
ry
w
h
ich
esu
lts
fro
m
d
im
en
sio
n
a
l
red
u
ctio
n
o
f
th
e
po
sitive
ch
ira
lity
N
=
1
;D
=
1
0
su
-
p
erg
rav
ity
th
eo
ry,
w
h
ich
is
th
e
sta
n
d
a
rd
ch
o
ice.
In
N
=
8
su
p
erg
rav
ity
w
e
a
re
o
rced
to
co
n
sid
er
b
o
th
ch
ira
lities
a
n
d
th
e
a
p
p
a
ren
t
p
a
ra
d
ox
w
ill
b
e
ex
p
la
in
ed
see
n
ex
t
sectio
n
).
O
n
to
p
o
f
th
e
tw
o
em
b
ed
d
in
g
s
(3
5
)
th
ere
is
a
n
o
th
er
em
b
ed
d
in
g
o
f
th
e
a
=
1
m
u
lti-b
la
ck
-h
o
le
so
lu
tio
n
[1
6]:
F
(1
)1
=
F
;
F
(1
)2
=

e
−
2
’
?F
;

1
=
−
’
;

1
=
+
’
:
(3
8
)
T
h
e
co
rresp
o
n
d
in
g
N
=
4
(+
6
V
);D
=
4
so
lu
tio
n
in
th
e
strin
g
fra
m
e
is
8>>>>>>>>>>>><>>>>>>>>>>>>:
d
s
2
=
V
−
1d
t
2
−
V
d
~x
2
;
G
1
1
=
−
V
;
G
2
2
=
−
V
−
1
;
A
(1
)1
t
=
n
V
−
1
;
A
(1
)2
i
=
m
V
i
;
(3
9
)
a
n
d
th
e
ten
-d
im
en
sio
n
a
l
so
lu
tio
n
is
8>>>>>>><>>>>>>>:
d
s^
2
=
V
−
1d
t
2
−
V
d
~x
2
− 
V
12
d
x
4
+
n
V
−
12
d
t 
2
− 
V
−
12
d
x
5
+
m
V
−
12
V
i d
x
i 
2
−
d
x
Id
x
I
;
B^
=
^
=
0
:
(4
0
)
3
.3
a
=
1= p
3
e
m
b
e
d
d
in
g
s
S
ettin
g
F
(1
)1
= q
23
F
;
F
(1
)2
=

F
(2
)
2
= q
23
e
−
2
p
3
’
?F
;

=
−
1p3
’
;

1
=
−
2p3
’
;
(4
1
)
w
e
g
et
th
e
a
=
1
= p
3
m
o
d
el
a
n
d
th
e
co
rresp
o
n
d
in
g
so
lu
tio
n
o
f
th
e
N
=
4
(+
6
V
);D
=
4
th
eo
ry
68>>>>>>>>>>>><>>>>>>>>>>>>:
d
s
2
=
V
−
1d
t
2
−
V
2d
~x
2
;
e
2

=
V
12
;
G
1
1
=
−
V
;
A
(1
)1
t
=
n
V
−
1
;
A
(1
)2
i
=

A
(2
)
2
i
=
n
V
i
;
(4
2
)
w
h
ere
V
i
sa
tis
es
th
e
eq
u
a
tio
n
@
[i V
j
]
=
12

ij
k @
k
V
:
(4
3
)
T
h
e
co
rresp
o
n
d
in
g
so
lu
tio
n
o
f
th
e
N
=
1
(2
);D
=
1
0
th
eo
ry
is
8>>>>>>>>>><>>>>>>>>>>:
d
s^
2
=
V
−
1d
t
2
−
V
2d
~x
2
− 
V
12
d
x
4
+
n
V
−
12
d
t 
2
− (d
x
5
+
n
V
i d
x
i 
2
−
d
x
Id
x
I
;
B^
=

n
V
i d
x
i
^ (d
x
5
+
n
V
i d
x
i 
;
e
2
^
=
V
:
(4
4
)
In
th
e
fra
m
ew
o
rk
ex
p
la
in
ed
a
t
th
e
b
eg
in
n
in
g
o
f
th
is
sectio
n
,
n
o
o
th
er
em
b
ed
-
d
in
g
o
f
th
e
a
=
1
= p
3
m
u
lti-b
la
ck
-h
o
le
so
lu
tio
n
is
p
o
ssib
le.
6
O
b
serv
e
th
a
t
th
e
H
o
d
g
e
d
u
a
l
?
F
in
th
e
a
b
o
v
e
fo
rm
u
la
e
h
a
s
to
b
e
ca
lcu
la
ted
in
th
e
E
in
stein
fra
m
e
m
etric.
7
3
.4
a
=
0
e
m
b
e
d
d
in
g
s
S
ettin
g
F
(1
)1
=
12
F
;
F
(1
)2
=
12
?F
;
F
(2
)1
=

12
F
;
F
(2
)2
=

12
?F
;
(4
5
)
n
e
g
ets
th
e
a
=
0
m
o
d
el
(E
in
stein
-M
a
x
w
ell
th
eo
ry
).
T
h
e
so
lu
tio
n
o
f
th
e
N
=
(+
6
V
);D
=
4
th
eo
ry
is
8>>>><>>>>:
d
s
2
=
V
−
2d
t
2
−
V
2d
~x
2
;
A
(1
)1
t
=

A
(2
)
1
t
=
n
V
−
1
;
A
(1
)2
i
=

A
(2
)
2
i
=
m
V
i
;
(4
6
)
a
n
d
u
p
lifted
to
ten
d
im
en
sio
n
s
is
8>>>>>>>>><>>>>>>>>>:
d
s^
2
=
V
−
2d
t
2
−
V
2d
~x
2
− (d
x
4
+
n
V
−
1d
t 
2
− (d
x
5
+
m
V
i d
x
i 
2
−
d
x
Id
x
I
;
B^
=

n
V
−
1d
t
^ (d
x
4
+
n
V
−
1d
t 

m
V
−
1V
i (V
d
x
i 
^ (d
x
5
+
m
V
i d
x
i 
;
(4
7
)
W
ith
th
e
m
in
u
s
sig
n
,
th
is
is
th
e
sta
n
d
a
rd
em
b
ed
d
in
g
o
f
th
e
ex
trem
e
R
eissn
er-
N
o
rd
stro¨
m
so
lu
tio
n
in
to
N
=
4
(+
6
);D
=
4
su
p
erg
rav
ity
[1
1].
W
e
ca
n
rep
ea
t
h
ere
th
e
d
iscu
ssio
n
w
e
m
a
d
e
in
th
e
a
=
1
ca
se
w
ith
resp
ect
to
th
e
rela
tiv
e
sig
n
f
F
(1
)m
a
n
d
F
(2
)m
a
n
d
th
e
m
a
tter
o
r
su
p
erg
rav
ity
n
a
tu
re
o
f
th
e
v
ecto
r

eld
s.
N
o
o
th
er
p
u
rely
electric
o
r
m
a
g
n
etic
em
b
ed
d
in
g
s
ex
ist
(u
p
to
d
u
a
lities),
b
u
t
h
ere
ex
ist
so
m
e
o
th
er
(d
y
o
n
ic)
em
b
ed
d
in
g
s
[1
4]
th
a
t
w
e
a
re
g
o
in
g
to
d
iscu
ss
n
ow
7.
3
.4
.1
D
y
o
n
ic
e
m
b
e
d
d
in
g
s
T
h
e
sim
p
lest
o
f
th
ese
em
b
ed
d
in
g
s
is
th
e
fo
llow
in
g
:
7
O
b
serv
e
th
a
t
fo
r
th
e
o
th
er
v
a
lu
es
o
f
a
n
o
d
y
o
n
ic
em
b
ed
d
in
g
o
f
a
n
y
k
in
d
ex
ists.
T
h
is
efl
ects
tw
o
fa
cts:
(i)
th
ere
a
re
n
o
d
y
o
n
ic
so
lu
tio
n
o
f
th
e
a
-m
o
d
el
fo
r
a
6=
0
;1
,
a
n
d
(ii)
th
e
y
o
n
ic
so
lu
tio
n
o
f
th
e
a
=
1
m
o
d
el
is
clea
rly
n
o
t
a
so
lu
tio
n
o
f
th
e
N
=
4
;D
=
4
th
eo
ry,
a
s
x
p
la
in
ed
in
R
ef.
[1
1
]
F
(1
)1
=
F

?F
:
(4
8
)
T
h
e
essen
tia
l
p
ro
p
erty
th
a
t
m
a
k
es
th
is
em
b
ed
d
in
g
a
so
lu
tio
n
o
f
th
e
N
=
4
(+
6
V
);D
=
4
th
eo
ry
is
th
a
t,
g
iv
en
th
a
t
F
is
p
u
rely
electric
o
r
m
a
g
n
etic
F
?F
=
0
a
n
d
,
th
en (F
(1
)1 
2
=
0
.
T
h
e
so
lu
tio
n
is,
th
u
s,
8<:
d
s
2
=
V
−
2d
t
2
−
V
2d
~x
2
;
A
(1
)1
=
p
2 (n
V
−
1d
t
+
m
V
i d
x
i 
;
(4
9
)
a
n
d
th
e
co
rresp
o
n
d
in
g
ten
-d
im
en
sio
n
a
l
so
lu
tio
n
is
8>>>><>>>>:
d
s^
2
=
V
−
2d
t
2
−
V
2d
~x
2
− d
x
4
+
p
2 (n
V
−
1d
t
+
m
V
i d
x
i 
2
−
d
x
Id
x
I
;
B^
=
^
=
0
:
(5
0
)
T
h
is
em
b
ed
d
in
g
ca
n
b
e
g
en
era
lized
to
th
e
fo
rm
~F
(1
)
=
~n
(F

?F
)
;
~F
(2
)
=
~m
(F

?F
)
;
(5
1
)
p
rov
id
ed
n
rn
r
+
m
rm
r
=
1
a
n
d
n
rm
s
=
n
sm
r.
S
o
m
e
o
f
th
ese
em
b
ed
d
in
g
s
a
re
ju
st
T
o
r
S
d
u
a
ls
o
f
th
e
sim
p
lest
o
n
e,
b
u
t
w
e
w
ill
n
o
tp
u
rsu
e
th
is
p
ro
b
lem
h
ere.
4
U
n
b
ro
k
e
n
N
=
4(8)
su
p
e
rsy
m
m
e
trie
s
o
f
th
e
a
-
m
o
d
e
l
so
lu
tio
n
s
In
th
e
p
rev
io
u
s
sectio
n
w
e
h
av
e
fo
u
n
d
so
lu
tio
n
s
o
f
N
=
1
(2
);D
=
1
0
su
p
er-
g
rav
ity
w
h
ich
in
fo
u
r
d
im
en
sio
n
s
co
rresp
o
n
d
to
th
e
m
u
lti-b
la
ck
-h
o
le
so
lu
tio
n
s
o
f
th
e
a
-m
o
d
el.
In
th
is
sectio
n
w
e
a
re
g
o
in
g
to

n
d
th
e
u
n
b
ro
k
en
su
p
ersy
m
m
e-
tries
o
f
th
e
ten
-d
im
en
sio
n
a
l
so
lu
tio
n
s,
w
h
ich
is
a
w
ay
o
f

n
d
in
g
th
e
u
n
b
ro
k
en
su
p
ersy
m
m
etries
o
f
th
e
fo
u
r
d
im
en
sio
n
a
l
so
lu
tio
n
s
in
N
=
4
(8
)
su
p
erg
rav
ity.
A
s
ex
p
la
in
ed
in
A
p
p
en
d
ix
B
,
w
h
en
th
e
R
-R

eld
s
o
f
th
e
ty
p
e
IIA
th
eo
ry
va
n
ish
,
th
e
su
p
ersy
m
m
etry
ru
les
red
u
ce
to
E
q
s.
(9
4
)
th
a
t
w
e
rew
rite
h
ere
fo
r
co
n
v
en
ien
ce

  ^
(
)
a^
=
r^
(
)
a^
^
(
)
;

 ^
(
)
= 
6@
^

14
6H^ 
^
(
)
;
8
w
h
ere
r^
(
)
a^
a
re
th
e
cova
ria
n
t
d
eriva
tiv
es
a
sso
cia
ted
to
th
e
tw
o
to
rsio
n
fu
l
sp
in
o
n
n
ectio
n
s
Ω^
(
)
a^
b^
c^
=
!^
a^
b^
c^

32
H^
a^
b^c^
:
T
a
k
in
g
ju
st
th
e
p
o
sitiv
e
ch
ira
lity
(u
p
p
er
sig
n
s)
in
th
e
a
b
ov
e
eq
u
a
tio
n
s
o
n
e
g
ets
h
e
su
p
ersy
m
m
etry
ru
les
o
f
th
e
co
n
v
en
tio
n
a
l
N
=
1
;D
=
1
0
su
p
erg
rav
ity
th
eo
ry
N
=
1
(+
);D
=
1
0
.
T
h
e
o
th
er
sig
n
ch
o
ice
g
iv
es
th
e
su
p
ersy
m
m
etry
ru
les
o
f
a
n
o
th
er
N
=
1
;D
=
1
0
th
eo
ry
(N
=
1
(−
);D
=
1
0
)
th
a
t
ca
n
b
e
co
n
stru
cted
.
In
fa
ct,
to

n
d
u
n
b
ro
k
en
su
p
ersy
m
m
etries,
in
m
a
n
y
ca
ses
w
e
ca
n
u
se
th
e
sy
m
-
m
etry
ex
istin
g
b
etw
een
th
e
tw
o
ch
ira
lity
secto
rs
o
f
th
e
N
S
-N
S
secto
r
o
f
ty
p
e
IIA
u
p
erg
rav
ity
:
\
C
d
u
a
lity
"
.
A
C
d
u
a
lity
tra
n
sfo
rm
a
tio
n
ch
a
n
g
es
th
e
ch
ira
lity
o
f
h
e
sp
in
o
rs
a
n
d
th
e
sig
n
o
f
th
e
a
x
io
n
a
n
d
leav
es
th
e
N
S
-N
S
secto
r
o
f
th
e
ty
p
e
IIA
h
eo
ry
in
va
ria
n
t.
H
ow
ev
er,
fro
m
th
e
p
o
in
t
o
f
v
iew
o
f
th
e
N
=
1
th
eo
ries,
C
d
u
-
a
lity
is
n
o
t
a
sy
m
m
etry.
E
a
ch
th
eo
ry
h
a
s
a
d
e
n
ite
ch
ira
lity
th
a
t
ca
n
n
o
t
b
e
h
a
n
g
ed
.
In
stea
d
,
C
d
u
a
lity
ta
k
es
u
s
fro
m
th
e
N
=
1
(+
);D
=
1
0
th
eo
ry
to
th
e
N
=
1
(−
);D
=
1
0
th
eo
ry
a
n
d
is
a
n
o
th
er
(v
ery
sim
p
le)
ex
a
m
p
le
o
f
strin
g
/
strin
g
d
u
a
lity.
T
h
en
,
w
h
en
w
e
h
av
e
tw
o
em
b
ed
d
in
g
s
w
h
ich
d
i
er
b
y
ju
st
th
e
sig
n
o
f
th
e
a
x
io
n
,
w
e
ca
n
u
se
C
d
u
a
lity
a
rg
u
m
en
ts
to
tra
n
sla
te
th
e
resu
lts
o
f
o
n
e
ch
ira
lity
secto
r
o
th
e
o
th
er.
T
h
e
n
ecessa
ry
in
g
red
ien
ts
to

n
d
th
e
u
n
b
ro
k
en
su
p
ersy
m
m
etries
a
re
ju
st
th
e
d
ila
to
n
,
th
e
a
x
io
n

eld
stren
g
th
a
n
d
th
e
sp
in
co
n
n
ectio
n
co
e
cien
ts,
w
h
ich
a
re
a
lcu
la
ted
fo
r
th
e
k
in
d
o
f
m
etric
w
e
a
re
d
ea
lin
g
w
ith
in
A
p
p
en
d
ix
C
.
4
.1
U
n
b
ro
k
e
n
su
p
e
rsy
m
m
e
trie
s
o
f
th
e
a
=
p
3
e
m
b
e
d
d
in
g
s
T
h
e
su
p
ersy
m
m
etry
eq
u
a
tio
n
s
fo
r
a
=
p
3
b
la
ck
h
o
les
a
re
th
e
m
o
st
stra
ig
h
tfo
r-
w
a
rd
.
C
o
n
sid
er
th
e

eld
co
n

g
u
ra
tio
n
o
f
th
e
electrica
lly
ch
a
rg
ed
K
a
lu
za
-K
lein
b
la
ck
h
o
le
d
escrib
ed
in
S
ectio
n
3
.1
.
T
h
en
fro
m
^
=
6H^
=
0
,
it
fo
llow
s
th
a
t
h
e
su
p
ersy
m
m
etry
ru
les
a
re
id
en
tica
l
fo
r
b
o
th
p
o
sitiv
e
a
n
d
n
eg
a
tiv
e
ch
ira
lity
en
-d
im
en
sio
n
a
l
sp
in
o
rs
a
n
d
th
a
t
th
e
d
ila
tin
o
eq
u
a
tio
n
is
triv
ia
lly
sa
tis
ed
.
F
o
l-
ow
in
g
A
p
p
en
d
ix
B
,
it
is
stra
ig
h
tfo
rw
a
rd
to
sh
ow
th
a
t
th
e
K
illin
g
sp
in
o
rs
o
f
th
is
m
b
ed
d
in
g
a
re
th
o
se
w
h
ich
sa
tisfy^ (
)
=
V
−
14
^
(
)
(0
)
;
(5
2
)
γ^
0 γ^
4
^
(
)
(0
)
=
−
n
^
(
)
(0
)
;
(5
3
)
w
h
ere
^
(
)
(0
)
is
a
co
n
sta
n
t
sp
in
o
r.
T
h
is
ch
ira
lity
co
n
d
itio
n
o
n
th
e
su
b
sp
in
o
r
in
h
e
(0
4
)
secto
r
im
p
lies
th
a
t
p
recisely
h
a
lf
o
f
th
e
su
p
ersy
m
m
etries
a
re
b
ro
k
en
,
fo
r
eith
er
p
o
sitiv
e
o
r
n
eg
a
tiv
e
ten
-d
im
en
sio
n
a
l
sp
in
o
r.
S
o
h
a
lf
o
f
th
e
su
p
ersy
m
m
etries
a
re
p
reserv
ed
fo
r
ea
ch
o
f
th
e
o
p
p
o
site
ch
ira
lity
N
=
1
th
eo
ries
in
D
=
1
0
,
a
n
d
,
a
s
a
resu
lt,
h
a
lf
o
f
ea
ch
o
f
th
e
co
rresp
o
n
d
in
g
N
=
4
su
p
ersy
m
m
etries
in
D
=
4
,
a
n
d
,
th
erefo
re,
a
to
ta
l
o
f
a
h
a
lf
o
f
th
e
N
=
8
;D
=
4
su
p
ersy
m
m
etries.
H
a
d
w
e
p
erfo
rm
ed
th
e
sa
m
e
ca
lcu
la
tio
n
fo
r
th
e
T
d
u
a
l
o
f
th
is
so
lu
tio
n
,
n
a
m
ely
th
e
electrica
lly
ch
a
rg
ed
H
-m
o
n
o
p
o
le,
w
h
ich
h
a
s
a
n
o
n
-va
n
ish
in
g
a
x
io
n

eld
stren
g
th
a
n
d
is
n
o
t
C
d
u
a
lity
in
va
ria
n
t,
w
e
w
o
u
ld
h
av
e
g
o
tten
a
sim
ila
r
resu
lt:
^
(
)
=
V
−
14
^
(
)
(0
)
;
(5
4
)
γ^
0 γ^
4
^
(
)
(0
)
=

n
^
(
)
(0
)
:
(5
5
)
A
s
ca
n
b
e
seen
a
b
ov
e,
th
e
K
illin
g
sp
in
o
rs
a
re
in
va
ria
n
t
u
n
d
er
T
d
u
a
lity
in
th
e
p
o
sitiv
e
ch
ira
lity
secto
r,
b
u
t
a
re
o
n
ly
cova
ria
n
t
in
th
e
n
eg
a
tiv
e
ch
ira
lity
secto
r.
T
h
is
is
d
u
e
to
th
e
d
i
eren
t
w
ay
s
in
w
h
ich
th
e
tw
o
to
rsio
n
fu
l
sp
in
co
n
n
ectio
n
s
Ω^
(
)
tra
n
sfo
rm
[3
5].
T
h
e
n
u
m
b
er
o
f
N
=
4
(8
);D
=
4
u
n
b
ro
k
en
su
p
ersy
m
m
etries
d
o
es
n
o
t
ch
a
n
g
e,
th
o
u
g
h
.
It
w
o
u
ld
a
lso
b
e
th
e
sa
m
e
h
a
d
w
e
ta
k
en
th
e
m
a
g
n
etica
lly
ch
a
rg
ed
S
d
u
a
l
v
ersio
n
s
o
f
b
o
th
th
e
K
a
lu
za
-K
lein
a
n
d
H
-m
o
n
o
p
o
le,
a
lth
o
u
g
h
in
th
ese
la
tter
tw
o
ca
ses,
th
e
ch
ira
lity
co
n
d
itio
n
is
im
p
o
sed
o
n
th
e
(1
2
3
4
)
secto
r
o
f
th
e
sp
in
o
r.
H
en
cefo
rth
w
e
w
ill
n
o
t
co
n
sid
er
ex
p
licitly
th
e
S
o
r
T
d
u
a
l
v
ersio
n
s
o
f
th
ese
so
lu
tio
n
s.
4
.2
U
n
b
ro
k
e
n
su
p
e
rsy
m
m
e
trie
s
o
f
th
e
a
=
1
e
m
b
e
d
d
in
g
s
T
h
e
situ
a
tio
n
fo
r
th
e
a
=
1
em
b
ed
d
in
g
s
is
a
b
it
m
o
re
su
b
tle.
C
o
n
sid
er
th
e

rst
em
b
ed
d
in
g
in
S
ectio
n
3
.2
,
E
q
s.
(3
5
-3
7
)
a
n
d
th
e
p
o
sitiv
e
(co
n
v
en
tio
n
a
l)
ch
ira
lity
N
=
1
(+
);D
=
1
0
th
eo
ry.
W
h
en
th
e
m
in
u
s
sig
n
is
ch
o
sen
,
b
o
th
th
e
g
rav
itin
o
a
n
d
d
ila
tin
o
eq
u
a
tio
n
s
red
u
ce
to
th
e
sa
m
e
co
n
d
itio
n
s,
n
a
m
ely
^
(+
)
=
V
−
12
^
(+
)
(0
)
;
(5
6
)
γ^
0 γ^
4
^
(+
)
(0
)
=
−
n
^
(+
)
(0
)
:
(5
7
)
W
h
en
th
e
p
lu
s
sig
n
is
ch
o
sen
,
th
ere
a
re
n
o
K
illin
g
sp
in
o
rs
in
th
e
N
=
1
(+
);D
=
1
0
th
eo
ry
(i.e.
^
(+
)
=
0
is
th
e
o
n
ly
co
n
sisten
t
so
lu
tio
n
).
A
s
ex
p
la
in
ed
a
b
ov
e,
th
ese
tw
o
ch
o
ices
o
f
sig
n
co
rresp
o
n
d
resp
ectiv
ely
to
d
ecla
r-
in
g
th
a
t
th
e
fo
u
r
d
im
en
sio
n
a
l
v
ecto
r
is
a
su
p
erg
rav
ity
v
ecto
r
(a
n
d
th
a
t
th
e
m
a
tter
v
ecto
r
va
n
ish
es)
in
th
e
N
=
4
;D
=
4
th
eo
ry
a
n
d
d
ecla
rin
g
ex
a
ctly
th
e
o
p
p
o
site.
W
e
h
av
e
ju
st
rep
ro
d
u
ced
th
e
resu
lts
o
f
R
efs.
[1
1,
1
3]
resp
ectiv
ely,
a
lth
o
u
g
h
in
a
d
i
eren
t
settin
g
.
9
W
e
ca
n
n
ow
u
se
C
d
u
a
lity
to

n
d
th
e
u
n
b
ro
k
en
su
p
ersy
m
m
etries
in
th
e
N
=
(−
);D
=
1
0
th
eo
ry.
F
o
r
th
e
m
in
u
s
sig
n
ch
o
ice
th
ere
is
n
ow
n
o
K
illin
g
sp
in
o
r,
a
n
d
fo
r
th
e
p
lu
s
sig
n
o
n
e
g
ets
th
e
sa
m
e
co
n
d
itio
n
a
s
fo
r
th
e
m
in
u
s
sig
n
in
th
e
N
=
1
(+
);D
=
1
0
th
eo
ry,
n
a
m
ely^
(−
)
=
V
−
12
^
(−
)
(0
)
;
(5
8
)
γ^
0 γ^
4
^
(−
)
(0
)
=
−
n
^
(−
)
(0
)
:
(5
9
)
T
h
en
,
b
o
th
ch
o
ices
o
f
sig
n
(b
o
th
em
b
ed
d
in
g
s)
a
re
su
p
ersy
m
m
etric
in
o
n
e
sec-
o
r,
a
n
d
in
th
a
t
secto
r
a
h
a
lf
o
f
th
e
N
=
4
;D
=
4
su
p
ersy
m
m
etries
a
re
u
n
b
ro
k
en
,
u
st
a
s
in
th
e
a
=
p
3
ca
se.
S
in
ce
w
e
a
re
fo
rced
to
co
n
sid
er
b
o
th
secto
rs,
th
e
o
ta
l
n
u
m
b
er
o
f
N
=
8
u
n
b
ro
k
en
su
p
ersy
m
m
etries
is
th
e
sa
m
e
fo
r
b
o
th
ch
o
ices:
=
4
.
T
h
is
resu
lt,
w
h
ich
reso
lv
es
th
e
p
a
ra
d
ox
,
co
u
ld
a
lso
b
e
ex
p
la
in
ed
b
y
th
e
a
ct
th
a
t
th
ere
a
re
n
o
m
a
tter
v
ecto
r

eld
s
in
th
e
N
=
8
th
eo
ry
:
a
ll
v
ecto
rs
a
re
u
p
erg
rav
ity
v
ecto
r

eld
s.
F
in
a
lly,
co
n
sid
er
th
e
em
b
ed
d
in
g
o
f
E
q
s.
(3
8
-4
0
).
T
h
is
ca
se,
a
s
th
e
a
=
p
3
K
a
lu
za
-K
lein
)
ca
se,
is
C
d
u
a
lity
sy
m
m
etric,
a
n
d
th
e
su
p
ersy
m
m
etry
tra
n
sfo
r-
m
a
tio
n
s
a
re
id
en
tica
l
fo
r
b
o
th
ch
ira
lities.
In
a
d
d
itio
n
to
th
e
co
n
d
itio
n
s
^
(
)
=
V
−
14
^
(
)
(0
)
;
(6
0
)
γ^
0 γ^
4
^
(
)
=
−
n
^
(
)
;
(6
1
)
w
e
g
et
th
e
co
n
d
itio
n
Γ^
5
^

=
−
m
^

;
(6
2
)
o
m
in
g
fro
m
th
e
m
a
g
n
etic
secto
r,
w
h
ere
Γ^
5
=
γ^
1 γ^
2 γ^
3 γ^
5 .
A
s
a
resu
lt,
th
e
su
p
er-
y
m
m
etries
a
lrea
d
y
h
a
lv
ed
b
y
th
e

rst
co
n
d
itio
n
a
re
h
a
lv
ed
a
g
a
in
in
ea
ch
secto
r.
T
h
is
im
p
lies
th
a
t
fo
r
ea
ch
N
=
4
th
eo
ry,
o
n
e
q
u
a
rter
o
f
th
e
su
p
ersy
m
m
etries
a
re
p
reserv
ed
[1
6].
T
h
erefo
re,
a
g
a
in
,
b
u
t
in
a
d
i
eren
t
fa
sh
io
n
,
fo
r
th
e
N
=
8
th
eo
ry,
su
p
ersy
m
m
etries
(o
n
e
q
u
a
rter)
a
re
p
reserv
ed
.
4
.3
U
n
b
ro
k
e
n
su
p
e
rsy
m
m
e
trie
s
o
f
th
e
a
=
1= p
3
e
m
b
e
d
-
d
in
g
s
n
so
m
e
sen
se
th
e
a
=
1
= p
3
b
la
ck
h
o
le
is
a
co
m
b
in
a
tio
n
o
f
a
n
a
=
1
b
la
ck
h
o
le
w
ith
a
d
u
a
l-ch
a
rg
ed
a
=
p
3
b
la
ck
h
o
le.
A
g
a
in
fo
llow
in
g
A
p
p
en
d
ix
C
,
it
is
stra
ig
h
tfo
rw
a
rd
to
sh
ow
th
a
t
fo
r
th
e
m
in
u
s
sig
n
ch
o
ice
in
th
e
em
b
ed
d
in
g
o
f
E
q
s.
(4
1
-4
4
)
^
(
)
=
V
−
14
^
(
)
(0
)
;
(6
3
)
Γ^
5
^
(+
)
(0
)
=
−
n
^
(+
)
(0
)
;
(6
4
)
γ^
0 γ^
4
^
(+
)
(0
)
=
−
n
^
(+
)
(0
)
:
(6
5
)
a
n
d
^
(−
)
=
0
.
T
h
is
im
p
lies
th
a
t
1
=
4
o
f
th
e
p
o
sitiv
e
ch
ira
lity
N
=
4
su
p
ersy
m
m
e-
tries
(i.e.
th
e
su
p
ersy
m
m
etries
a
risin
g
fro
m
th
e
red
u
ctio
n
o
f
th
e
p
o
sitiv
e
ch
ira
lity
ten
-d
im
en
sio
n
a
l
sp
in
o
r)
a
re
p
reserv
ed
w
h
ile
n
o
n
e
o
f
th
e
n
eg
a
tiv
e
ch
ira
lity
su
p
er-
sy
m
m
etries
a
re
p
reserv
ed
.
A
s
a
resu
lt,
o
n
ly
o
n
e
o
f
th
e
N
=
8
su
p
ersy
m
m
etries
is
p
reserv
ed
.
F
o
r
th
e
p
lu
s
sig
n
ch
o
ice
in
E
q
s.
(4
1
-4
4
),
n
o
n
e
o
f
th
e
p
o
sitiv
e
ch
ira
lity
su
p
ersy
m
-
m
etries
a
re
p
reserv
ed
,
w
h
ile
o
n
e
o
f
th
e
fo
u
r
n
eg
a
tiv
e
ch
ira
lity
su
p
ersy
m
m
etries
is
p
reserv
ed
,
ex
p
licitly
^
(−
)
=
V
−
14
^
(−
)
(0
)
;
(6
6
)
Γ^
5
^
(−
)
(0
)
=
+
n
^
(−
)
(0
)
;
(6
7
)
γ^
0 γ^
4
^
(−
)
(0
)
=
+
n
^
(−
)
(0
)
:
(6
8
)
A
sim
p
le
w
ay
o
f
seein
g
th
is
p
a
ttern
is
a
s
fo
llow
s:
th
e
co
n

g
u
ra
tio
n
d
escrib
ed
in
E
q
s.
(4
1
-4
4
)
rep
resen
t
a
co
m
b
in
a
tio
n
o
f
a
m
a
g
n
etic
a
=
1
b
la
ck
h
o
le
a
n
d
a
n
electric
a
=
p
3
b
la
ck
h
o
le. 8
T
h
e
a
=
1
p
a
rt
o
f
th
e
co
n

g
u
ra
tio
n
p
reserv
es
h
a
lf
th
e
su
p
ersy
m
m
etries
fo
r
o
n
e
ch
ira
lity
a
n
d
n
o
n
e
fo
r
th
e
o
th
er.
T
h
e
a
=
p
3
p
a
rt
th
en
in
d
ep
en
d
en
tly
h
a
lv
es
a
g
a
in
w
h
a
tev
er
rem
a
in
in
g
su
p
ersy
m
m
etries
ex
ist
in
ea
ch
secto
r.
A
s
a
resu
lt,
w
e
a
re
left
w
ith
o
n
ly
a
n
eig
h
th
o
f
th
e
N
=
8
su
p
ersy
m
m
etries.
4
.4
U
n
b
ro
k
e
n
su
p
e
rsy
m
m
e
trie
s
o
f
th
e
a
=
0
e
m
b
e
d
d
in
g
s
T
h
e
a
=
0
em
b
ed
d
in
g
s
d
escrib
ed
in
S
ectio
n
3
.4
,
E
q
s.
(4
5
-4
7
)
h
av
e
p
recisely
th
e
sa
m
e
su
p
ersy
m
m
etry
b
rea
k
in
g
p
a
ttern
a
s
th
e
a
=
1
= p
3
so
lu
tio
n
s
d
escrib
ed
8
It
is
in
terestin
g
th
a
t
th
is
co
m
p
o
site
v
iew
p
o
in
t
is
co
n
sisten
t
w
ith
th
e
b
o
u
n
d
sta
te
p
ictu
re
in
[2
9
]
a
t
th
e
lev
el
o
f
th
e
K
illin
g
sp
in
o
r
eq
u
a
tio
n
s.
1
0
a
b
ov
e,
w
ith
th
e
d
i
eren
ce
th
a
t
a
n
a
=
0
so
lu
tio
n
ca
n
m
o
st
u
sefu
lly
b
e
th
o
u
g
h
t
o
f
a
s
a
co
m
b
in
a
tio
n
o
f
tw
o
a
=
1
b
la
ck
h
o
les,
o
n
e
electric
a
n
d
o
n
e
m
a
g
n
etic,
ea
ch
m
p
o
sin
g
a
n
in
d
ep
en
d
en
t
ch
ira
lity
co
n
d
itio
n
.
T
h
e
d
y
o
n
ic
em
b
ed
d
in
g
s
w
e
h
av
e
sh
ow
n
,
b
y
co
n
tra
st,
b
rea
k
a
ll
o
f
th
e
sp
a
cetim
e
u
p
ersy
m
m
etries.
T
h
ese
em
b
ed
d
in
g
s
d
o
n
o
t,
h
ow
ev
er,
ex
h
a
u
st
a
ll
p
o
ssib
le
d
y
o
n
ic
m
b
ed
d
in
g
s.
T
h
is
ca
n
b
e
seen
b
y
n
o
tin
g
th
a
t
th
ere
ex
ist
d
y
o
n
ic
E
R
N
b
la
ck
h
o
les
w
h
ich
p
reserv
e
so
m
e
su
p
ersy
m
m
etry
in
certa
in
N
=
2
tru
n
ca
tio
n
s
9.
5
C
o
n
c
lu
sio
n
n
th
is
p
a
p
er
w
e
h
av
e
d
eterm
in
ed
w
h
ich
fo
u
r-d
im
en
sio
n
a
l
ex
trem
e
d
ila
to
n
b
la
ck
-
h
o
le
so
lu
tio
n
s
ca
n
b
e
em
b
ed
d
ed
in
N
=
4
su
p
erg
rav
ity,
fo
r
w
h
ich
va
lu
es
o
f
th
e
p
a
ra
m
eter
a
a
n
d
in
h
ow
m
a
n
y
in
eq
u
iva
len
t
w
ay
s
th
is
ca
n
b
e
d
o
n
e
(th
a
t
is,
n
o
t
ela
ted
b
y
d
u
a
lity
sy
m
m
etries).
W
e
h
av
e
a
lso
stu
d
ied
th
e
N
=
4
u
n
b
ro
k
en
u
p
ersy
m
m
etries
o
f
th
ese
b
la
ck
h
o
les
a
s
w
ell
a
s
th
eir
N
=
8
u
n
b
ro
k
en
su
p
ersy
m
-
m
etries,
m
a
k
in
g
u
se
o
f
th
e
fa
ct
th
a
t
th
e
N
=
4
th
eo
ry
ca
n
b
e
co
n
sid
ered
a
s
a
o
n
sisten
t
tru
n
ca
tio
n
o
f
th
e
N
=
8
.
O
u
r
resu
lts
a
re
su
m
m
a
rized
in
T
a
b
le
1
.
W
e
h
av
e
fo
u
n
d
th
a
t
o
n
ly
th
e
a
=
p
3;1
;1
= p
3
;0
d
ila
to
n
b
la
ck
h
o
les
ca
n
b
e
m
b
ed
d
ed
in
th
e
N
=
4
th
eo
ry
a
n
d
th
a
t
th
is
ca
n
b
e
d
o
n
e
in
a
v
ery
lim
ited
n
u
m
b
er
o
f
in
eq
u
iva
len
t
w
ay
s
(n
o
t
rela
ted
b
y
T
o
r
S
d
u
a
lity
).
T
h
ere
is
o
n
ly
o
n
e
m
b
ed
d
in
g
o
f
th
e
a
=
p
3
d
ila
to
n
b
la
ck
h
o
le,
th
ree
o
f
th
e
a
=
1
o
n
e
a
n
d
tw
o
f
th
e
a
=
1
= p
3.
T
h
e
a
=
0
ca
n
b
e
em
b
ed
d
ed
in
ju
st
tw
o
d
i
eren
t
(p
u
rely
lectric
o
r
m
a
g
n
etic)
w
ay
s,
b
u
t
o
th
er
(d
y
o
n
ic)
em
b
ed
d
in
g
s
a
re
p
o
ssib
le.
A
ll
th
e
n
eq
u
iva
len
t
em
b
ed
d
in
g
s
in
th
e
N
=
4
th
eo
ry
h
av
e
d
i
eren
t
a
m
o
u
n
ts
o
f
u
n
b
ro
k
en
u
p
ersy
m
m
etry.
T
h
e
situ
a
tio
n
ch
a
n
g
es
w
h
en
w
e
co
n
sid
er
th
e
em
b
ed
d
in
g
s
in
th
e
N
=
8
th
eo
ry
:
a
ll
em
bed
d
in
gs
o
f
th
e
sa
m
e
d
ila
to
n
bla
ck
h
o
le
a
re
equ
iva
len
t
u
n
d
er
U
d
u
a
lity
a
n
d
h
a
ve
th
e
sa
m
e
n
u
m
ber
o
f
u
n
bro
ken
su
persym
m
etries
w
ith
th
e
ex
cep
tio
n
o
f
h
e
d
y
o
n
ic
em
b
ed
d
in
g
o
f
th
e
a
=
0
ex
trem
e
b
la
ck
h
o
le.
T
h
ere
a
re
U
d
u
a
lity
ra
n
sfo
rm
a
tio
n
s
th
a
t
rela
te
em
b
ed
d
in
g
s
w
h
ich
a
re
in
eq
u
iva
len
t
in
th
e
N
=
4
h
eo
ry
a
n
d
d
o
n
o
t
ch
a
n
g
e
th
e
n
u
m
b
er
o
f
N
=
8
u
n
b
ro
k
en
su
p
ersy
m
m
etries
b
u
t
d
o
ch
a
n
g
e
th
e
n
u
m
b
er
o
f
N
=
4
u
n
b
ro
k
en
su
p
ersy
m
m
etries,
essen
tia
lly
b
y
h
iftin
g
th
e
u
n
b
ro
k
en
su
p
ersy
m
m
etries
fro
m
o
n
e
ch
ira
lity
secto
r
to
th
e
o
th
er.
O
n
e
ex
a
m
p
le
is
th
e
C
d
u
a
lity
tra
n
sfo
rm
a
tio
n
th
a
t
in
terch
a
n
g
es
th
e
tw
o
ch
ira
lity
ecto
rs
a
n
d
su
p
erg
rav
ity
a
n
d
m
a
tter

eld
s
o
f
a
g
iv
en
N
=
4
th
eo
ry
(a
ll
v
ecto
rs
9
T
h
e
p
u
rely
electric
a
n
d
p
u
rely
m
a
g
n
etic
E
R
N
b
la
ck
h
o
les
a
re
su
p
ersy
m
m
etric
in
N
=
;D
=
4
su
p
erg
ra
v
ity.
T
h
is
th
eo
ry
h
a
s
a
n
electric-m
a
g
n
etic
d
u
a
lity
sy
m
m
etry
th
a
t
p
reserv
es
n
b
ro
k
en
su
p
ersy
m
m
etries
(see,
fo
r
in
sta
n
ce,
th
e
seco
n
d
lectu
re
in
R
ef.
[1
0
]),
a
n
d
,
th
erefo
re,
h
e
d
y
o
n
ic
E
R
N
b
la
ck
h
o
le
is
su
p
ersy
m
m
etric
in
th
a
t
th
eo
ry,
w
h
ich
ca
n
b
e
o
b
ta
in
ed
b
y
a
o
n
sisten
t
tru
n
ca
tio
n
o
f
N
=
8
;D
=
4
su
p
erg
ra
v
ity.
a


1

2
F
(1
)1
F
(2
)1
F
(1
)2
F
(2
)2
(n
+
;n
−
)
p
3
1p3
’
−
2p3
’
0
p
2
F
0
0
0
(
12
;
12
)
1
’
0
0
F
−
F
0
0
(
12
;0
)
’
0
0
F
+
F
0
0
(0
;
12
)
0
−
’
’
F
0
e
−
2
’
?F
0
(
14
;
14
)
1p3
−
13
’
−
23
’
0
q
23
F
0
q
23
e
2

?F
− q
23
e
2

?F
(
14
;0
)
−
13
’
−
23
’
0
q
23
F
0
q
23
e
2

?F
+ q
23
e
2

?F
(0
;
14
)
0
0
0
0
1p2
F
−
1p2
F
1p2
?F
−
1p2
?F
(
14
;0
)
0
0
0
1p2
F
+
1p2
F
1p2
?F
+
1p2
?F
(0
;
14
)
0
0
0
F

?F
0
0
0
(0
;0
)
T
a
b
le
1
:
In
th
is
ta
b
le
w
e
g
iv
e
th
e
d
i
eren
t
em
b
ed
d
in
g
s
(u
p
to
N
=
4
(h
etero
tic)
d
u
a
lities)
o
f
th
e
a
=
p
3;1
;1
= p
3
;0
p
u
rely
electric
(o
r
m
a
g
n
etic)
so
lu
tio
n
s
E
q
s.
(5
)
in
N
=
4
(8
)
su
p
erg
rav
ity.
It
is
rea
d
in
th
e
fo
llow
in
g
m
a
n
n
er:
if
th
e
N
=
4

eld
s
o
f
th
e
to
p
row
ta
k
e
th
e
va
lu
es
g
iv
en
in
th
e
fo
llow
in
g
row
s,
in
term
s
o
f
’
a
n
d
F
,
w
h
ere
F
is
eith
er
p
u
rely
electric
o
r
p
u
rely
m
a
g
n
etic,
th
en
th
e
N
=
4
eq
u
a
tio
n
s
o
f
m
o
tio
n
red
u
ce
to
th
o
se
o
f
th
e
a
-m
o
d
el
(2
)
fo
r
th
e
va
lu
e
o
f
a
g
iv
en
in
th
e

rst
co
lu
m
n
.
In
th
e
la
st
co
lu
m
n
w
e
list
th
e
u
n
b
ro
k
en
su
p
ersy
m
m
etry
in
th
e
tw
o
N
=
4
secto
rs
o
f
p
o
sitiv
e
a
n
d
n
eg
a
tiv
e
ch
ira
lity
a
s
a
fra
ctio
n
o
f
th
e
to
ta
l.
1
1
a
re
su
p
erg
rav
ity
v
ecto
rs
in
th
e
N
=
8
th
eo
ry
a
n
d
th
is
is
w
h
y
C
d
u
a
lity
is
a
y
m
m
etry
o
f
th
is
th
eo
ry
).
N
o
te
th
a
t
o
u
r
a
n
a
ly
sis
a
p
p
lies
to
th
e
strin
g
-lik
e
so
lito
n
s
co
n
stru
cted
in
[9
],
w
h
ere
so
m
e
so
lu
tio
n
s
w
ere
fo
u
n
d
to
p
reserv
e
so
m
e
su
p
ersy
m
m
etry
p
rov
id
ed
o
n
e
m
a
d
e
a
ch
ira
lity
ch
o
ice
th
a
t
m
a
tch
ed
th
e
ov
era
ll
ch
ira
lity
o
f
th
e
N
=
1
;D
=
1
0
h
eo
ry
fro
m
w
h
ich
th
e
N
=
4
th
eo
ry
w
a
s
red
u
ced
.
O
n
m
a
k
in
g
th
e
o
p
p
o
site
ch
i-
a
lity
ch
o
ice,
h
ow
ev
er,
it
w
a
s
fo
u
n
d
th
a
t
th
e
so
lu
tio
n
b
ro
k
e
a
ll
su
p
ersy
m
m
etries.
T
h
is
a
lso
p
resen
ted
a
n
a
p
p
a
ren
t
p
a
ra
d
ox
,
sin
ce
b
o
th
em
b
ed
d
in
g
s
rep
resen
t
essen
-
ia
lly
id
en
tica
l
solu
tio
n
s
w
ith
an
alogou
s
B
ogom
ol’n
y
i
b
o
u
n
d
s.
F
ro
m
th
e
resu
lts
n
th
is
p
a
p
er,
h
ow
ev
er,
it
fo
llow
s
im
m
ed
ia
tely
th
a
t
th
e
\
w
ro
n
g
"
ch
ira
lity
ch
o
ice
m
b
ed
d
in
g
sim
p
ly
co
rresp
o
n
d
s
to
a
so
lu
tio
n
w
h
ich
p
reserv
es
su
p
ersy
m
m
etry
in
h
e
o
p
p
o
site
ch
ira
lity
N
=
1
;D
=
1
0
th
eory.
In
th
e
N
=
8
th
eo
ry,
b
o
th
ch
ira
lity
h
o
ices
lea
d
to
em
b
ed
d
in
g
s
w
h
ich
p
reserv
e
th
e
sa
m
e
a
m
o
u
n
t
o
f
su
p
ersy
m
m
etry.
T
h
is
co
n
clu
sio
n
a
lso
a
p
p
lies
to
a
n
a
ly
ticity
v
ersu
s
a
n
ti-a
n
a
ly
ticity
co
n
d
itio
n
s
in
erta
in
N
=
1
;D
=
4
tru
n
ca
tio
n
s
[9].
F
u
rth
erm
o
re,
o
u
r
a
n
a
ly
sis
in
th
is
p
a
p
er
ca
n
b
e
g
en
era
lized
in
a
stra
ig
h
tfo
rw
a
rd
m
a
n
n
er
to
a
rb
itra
ry
su
p
ersy
m
m
etric
p
-b
ra
n
es,
b
o
th
iso
tro
p
ic
a
n
d
a
n
iso
tro
p
ic,
in
a
rb
itra
ry
D
sp
a
cetim
e
d
im
en
sio
n
s,
fo
llow
in
g
th
e
ox
id
a
tio
n
/
red
u
ctio
n
p
ro
ced
u
res
d
iscu
ssed
in
[3
6]
(see
a
lso
[3
7]).
It
is
tem
p
tin
g
to
co
n
clu
d
e
th
a
t
a
ll
em
b
ed
d
in
g
s
o
f
a
n
y
g
iv
en
fo
u
r-d
im
en
sio
n
a
l
o
lu
tio
n
sh
o
u
ld
b
e
eq
u
iva
len
t
in
th
e
N
=
8
th
eo
ry.
P
rev
io
u
sly
it
w
a
s
th
o
u
g
h
t
h
a
t
o
n
ly
sp
ecia
l
em
b
ed
d
in
g
s
o
f
a
so
lu
tio
n
in
a
su
p
erg
rav
ity
th
eo
ry
h
a
d
u
n
b
ro
k
en
u
p
ersy
m
m
etry.
O
u
r
resu
lts
seem
to
in
d
ica
te
th
a
t
if
a
so
lu
tio
n
sa
tu
ra
tes
certa
in
b
o
u
n
d
s
a
n
d
th
ere
is
o
n
e
su
p
ersy
m
m
etric
em
b
ed
d
in
g
,
a
ll
p
o
ssib
le
em
b
ed
d
in
g
s
w
ill
a
lso
b
e
su
p
ersy
m
m
etric,
a
n
d
n
o
n
e
o
f
th
em
w
ill
b
e
sin
g
led
o
u
t.
T
h
is
h
y
p
o
th
esis
co
u
ld
ex
p
la
in
w
h
y
w
e
h
av
e
fo
u
n
d
n
o
em
b
ed
d
in
g
s
w
ith
(
18
;
18
)
f
u
n
b
ro
k
en
su
p
ersy
m
m
etries,
th
a
t
is,
w
ith
18
o
f
th
e
N
=
8
su
p
ersy
m
m
etries
u
n
b
ro
k
en
,
h
a
lf
o
f
th
em
in
ea
ch
ch
ira
lity
secto
r.
U
d
u
a
lity
tra
n
sfo
rm
a
tio
n
s
ca
n
n
ly
ch
a
n
g
e
th
e
n
u
m
b
er
o
f
u
n
b
ro
k
en
su
p
ersy
m
m
etries
b
y
a
n
in
teg
er
n
u
m
b
er
f
N
=
8
su
p
ersy
m
m
etries.
T
h
u
s,
if
w
e
sta
rt
w
ith
th
e
(
14
;0
)
em
b
ed
d
in
g
o
f
h
e
a
=
1
= p
3
b
la
ck
h
o
le,
w
e
ca
n
o
n
ly
g
et
to
th
e
(0
;
14
)
em
b
ed
d
in
g
,
b
y
u
sin
g
a
U
d
u
a
lity
tra
n
sfo
rm
a
tio
n
th
a
t
sh
ifts
o
n
e
N
=
8
su
p
ersy
m
m
etry
fro
m
th
e
p
o
sitiv
e
o
th
e
n
eg
a
tiv
e
ch
ira
lity
secto
r.
If
o
u
r
h
y
p
o
th
esis
is
tru
e,
th
en
,
w
e
ca
n
n
o
t
a
ccess
h
is
em
b
ed
d
in
g
b
y
U
d
u
a
lity,
a
n
d
it
d
o
es
n
o
t
ex
ist
(certa
in
ly
w
e
h
av
e
n
o
t
fo
u
n
d
t).H
ow
ev
er,
w
e
ca
n
n
o
t
ig
n
o
re
th
e
p
resen
ce
o
f
a
m
a
n
ifest
ex
cep
tio
n
to
th
is
h
y
-
p
o
th
esis:
th
e
d
y
o
n
ic
em
b
ed
d
in
g
o
f
th
e
ex
trem
e
R
eissn
er-N
o
rd
stro¨
m
b
la
ck
h
o
le.
A
n
ex
p
la
n
a
tio
n
o
f
th
e
ex
isten
ce
o
f
th
is
so
lu
tio
n
in
term
s
o
f
b
o
u
n
d
sta
tes
is
n
o
t
a
p
p
a
ren
t.
In
stea
d
,
o
n
e
co
u
ld
h
o
p
e
fo
r
a
la
rg
er
fra
m
ew
o
rk
in
w
h
ich
th
is
em
b
ed
-
d
in
g
is
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b
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m
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m
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e
N
=
8
fra
m
ew
o
rk
[1
4].
In
ca
lcu
la
tin
g
th
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r-d
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b
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b
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p
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b
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p
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ra
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b
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b
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p
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b
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rra
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b
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p
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b
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p
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p
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m
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b
e

  ^
(+
)1
a^
=
r^
(+
)
a^
^
(+
)1
;

 ^
(+
)1
= 
6@
^
+
14
6H^ 
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b
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p
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p
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b
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b
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b
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b
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b
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a
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p
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p
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p
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b
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o
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b
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b
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b
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b
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in
d
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p
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m
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b
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ra
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b
y
a
tild
e


.
T
h
e
a
n
tisy
m
m
etric
L
ev
i-C
iv
ita
ten
so
r
^^
is
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
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d
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b
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.
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p
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c
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b
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b
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p
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b
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f
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b
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−
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=
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ra
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b
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p
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=
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b
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lities.
W
e
d
e
n
e
th
e
ten
-d
im
en
sio
n
a
l
sp
in
o
rs
1
1
^
=
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=
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=
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n
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